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5316 increasing use of sulphur compounds in medicine 
and industry has aroused a great i n t e r e s t in chemical and 
s t ruc tu ra l inves t iga t ions of metal complexes involving siilphur 
donor l igands . The study of magnetic property i s perhaps 
the simplest ye t very potent tool for predict ing the s t e r eo -
chemistry, the oxidation s t a t e and tiond type in the complex 
compounds. The understanding of the nature of the metal 
sulphur l ink i s of Importance because of the anomalous magne-
t i c behaviour of metal complexes of sulphur containing l igands 
coi5)led with t h e i r involved spectra , l i i for tunate ly , the 
present avai lable date i s not su f f i c ien t to provide any co-
herent p ic tu re of the donor-acceptor re la t ionsh ip between 
sulphur and t r a n s i t i o n metals . The proposed work i s , the re -
fore , an attempt to seek a corre la t ion , between magnetic and 
other physico-chemical p roper t ies of these complexes which may 
lead semiquanti tat ively an understanding, in general , of: 
( i ) the donor property of the sulphur atom, 
( i i ) the nature of the metal-sulphur l i n k , 
( i i i ) the posi t ion of mercaptans In spectro-
chanical and nephelauxetic se r i e s and 
corresponding s e r i e s of cen t ra l metal 
atoms, and 
(iv) the coordination number, stereochemistry 
and oxidation s t a t e of t r an s i t i on metsil 
ions . 
The present work ©nbodies the study of metal com-
plexes of Co(I I ) , N i ( I I ) , Cu(ll) and Cd(II) with metbylenebis-
th ioace t icac id (MBTAA) and methylenebisthiopropionicacid 
(MBTPA) and Co(ll), Ni(ll), Cu(I), Pt(II), Pd(II) and Os(IV) 
with di-isopropyleminaethanethiolbydrochlorlde (DIPAET), The 
structural formulae of these ligands are given below; 
(i) Methylenebisthioaceticacld (MBTAA) 
-S - CHg - COOH. 
HpC' 
•S - CHg - COOH 
(ii) Metbylenebisthlopropionicacid (MBTPA) 
S - CHp - CEp - COOH 
^ S - CHg - CHg - COOH 
(ill) Dl-isopropylamlnoethanethiol-hydrochloride (DIKftET) 
HgC. 
HgC 
.CEg 
H C ti CHg CHg SE 
HgC Eel 
An effort has been made to isolate and characterize 
the above mentioned metal complexes of MBTAA> MBTPA and DIPAET. 
The stereochemistry, bond type and oxidation state of central 
metal atoms of these canplexes have been studied by magnetic 
susceptibility, diffuse reflectance and infrared spectral mea-
suronents. The results of these studies could be summarized 
as follows; 
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Methylenebisthloproplonlcacid, CE^CS. CHg. CHg.COOH) g, 
forms s t ab le complexes, with Co(I I ) , N i ( I I ) , Cu(II) and c a ( l l ) 
of the type ML.X Hg^ (M = metal , L = l igand, X = 2 for Co(II) 
Nl(I I ) and X = 0 for Cu(ll) and Cd(II ) . ) Their s t ruc tu res 
have been characterized on ttie bas i s of elemental ana lys i s , 
magnetic moment, e l ec t ron ic and infrared spectra l s tud ie s . The 
Co(II) and Ni ( l l ) form high-spin octahedral complexes and the 
Cu(II) forms a d i s to r t ed octahedral complex. The coordination 
tsikes place through both sulphur and carboxylate groups of 
the l igand. The Cd(II ) , however, forms t i t r a h e d r a l complex 
and i s not coordinated through sulphur. Eelevant l igand f i e ld 
parameters have been reported for these complexes. The 
nephelauxetlc effect seems to be more ef fec t ive for Co(II) 
than N i ( I I ) , 
Methylenebis-ttiioaceticacid, CHg(S. CHg. COOH) g, forms 
s tab le complexes, with Co(II ) , N i ( l l ) , Cu(II) and Cd(ll) of 
the type ML. XHgO (M = metal, L = l igand, X = S for Cu(II) and 
X = 0 for Co(II ) , Ni(II) and Cd(II) . ) Their s t ruc tu res have 
been characterized on the bas is of elementsl ana lys i s , magnetic 
moment, e l ec t ron ic and infrared spec t ra l s tud ies . The Co(ll) 
and Ni( I I ) complexes are high-spin octsihedral, the Cu(II) 
forms a d i s to r t ed octahedral complex and the Cd(II) forms a 
t e t rahedra l polymeric s t ruc tu re . The coordination takes place 
through both sulphur and carboxylic oxygen groups. Relevant 
l igand f i e ld parameters have been calculated for these complexes. 
Di-isopropylemiaoethane th io l -hydrochlor ide , 
(Cg H7).N.CHg.CHg.SH.Hcl, forms s teb le complexes with Co(II) , 
N i ( I I ) , Cu(I), P t ( I I ) , Pd(II) and Os(lV). The complex 
/"C0(C8Hi8NS)g(H£0)g J ' 2HgO i s probably octehedral with 
magnetic moment of 3.49 B.M. This reduction In magnetic 
moment value i s di:^ to the presence of both low and high-spin 
s t a t e s m e ^ m i b r i ™ . « l t h Nl( I I ) t h . couple . C ^ , ( O ^ S ^ . 
2HgO, so formed with magnetie moment of 2.*li^ B.M,, i s found 
to contain two nickel atoms attached tiiroiagh a sulphur br idge, 
one of them being surrounded octehedral ly and the o ther one 
remaining in a planar environment. The copper forms a d ia -
magnetic and polymeric complex of the type Cox{Q,^^^^^) Jn 
in which the Cu(ll) i s reduced to Cu(I) . The P t ( I I ) and Pd(II) 
form the complexes of the type MLg (M = metal , L = l igand) 
and t h e i r magnetic and spec t ra l s tud ies reveal t h a t these 
ccHnplexes are square-planar and diamagnetic. The Os(IV) 
y i e ld s a complex Z~Os(C8H3^8NS)g (OH)g^, with magnetic moment 
l.SO B.M., i s paramagnetic having octahedral s te reochauis t ry . 
This anomalous magnetic behaviour of Os(IV) complex may poss-
ib ly be a t t r ibu ted to a l a rge sp in-orb i t coi;5)ling occuring in 
t h i s case . The Infrared spec t ra l s tudies ind ica te t ha t coor-
dinat ion t£ikes place through both ni t rogen and sulphur in a l l 
these complexes. 
The present s tudies also reveal the pos i t ion of 
DIPAET in spectrochenical s e r i e s some where between RgS and 
NHg and the positions of MBTPA and MBTAA near about HgO. 
An attempts has also been made to explain the nature of 
metel sulphur link. 
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CHAPTER - I 
INTRODUCTION 
lETRODUCTION 
A knowledge of tlie nature of metal complexes of 
organic thio compounds is basis to the understanding of metal 
interaction with proteins. Organic compounds containing 
sulphydryl and disulphide groups find important use in medicine, 
biology and industry. They are used analytically (1,2) and 
therapeutically (3,4) as promising ligands. To mention a few, 
it has been found that these sulphur containing organic com-
pounds are useful as protective agents against certain dan-
gerous radiations. They stimulate the respiratory activity (5) 
of brain cortex and act as antiseptic for food stuff (6). 
The keratin fibres, especially human hair (7), are shaped by 
thio compounds. Metal salts (8,9) of some of these thio com-
pounds, like sodium salt of thiomalic acid, have been reported 
as an antidote in heavy metal poisoning. Sodium and cobalt 
salts of thiolactic acid, which are related to the hydrolysis 
products of Bi2, inhibit the effect of weight reduction in 
yoxmg animals by diet containing thyroid powder (10). These 
compounds have also been found to be active as a co-factor in 
enjsymlc oxidation of cysteamine to hypotaurine (11), It has 
also been claimed that the solutions of vitamin B^ ^ and C are 
stabilized with thio acids and the formation of a precipitate 
during heating is also prevented (12), They also prevent the 
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occurrence of diabetes due tt> alloxan and dlthiozone (IS), 
Thioacids have also been used in the separation, of Ru, Zr 
and Nb from U. The Pb, Cd and Ni salts of these acids find 
extensive use for plasticization of natural rubber (14). 
Thio organic compounds containing amino group fona 
another interesting series as synthetic intermediates parti-
cularly for dyes and pharmaceuticals (15,16). It has been 
found that the inclusion of sulphur or the substitution of an 
oxygen by sulphur gives increased activity and more favourable 
toxicity ratio (17), These compounds have also been used in 
the preparation of phosphorus-containing pesticides.(18). 
The increasing use of sulphur compounds in medicine 
and industry has caused the present heightened interest in 
chemical and structural investigations of metal complexes 
involving sulphur donor ligands. The study of complex com-
pounds, in general, in its modern phase is based on the prin-
ciples of coordination number, direct metal to ligand bond and 
simple stereochemistry enunciated by Alfred Werner. The appli-
cation of quantum mechanics by Pauling (19) (from 19S2 onwards) 
provided the main stimulus to the growth of modern theories 
of chemical bonding and what was more important, it gave a 
sense of purpose of newer physical techniques like magnetic 
measurements, electron paramagnetic- resonance nuclear magnetic 
resonance, visible, ultraviolet and Infrared spectroscopy as 
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well as the more recently developed fields like microwave, 
nuclear quadrupole, mossbauer spectra and other electrometrlc 
and radiochemical methods. 
In the context of solution chemistry, the colour of 
the ccMnplex depends on llgands directly attached to the central 
metal loa e.g. /"Co(HgO)g Jf is pink nthereas (O0CI4) "has an 
intense blue colour. The colour change and different spatial 
arrangements of bonds around the central metsl ion can be cor-
related with the marked change in magnetic properties. Subse-
quent, developments of ligand field approximations (Van-Vleck(20), 
Bethe (21) and Mulllken (22) over crystal field theoiy (Van-
Vleck (20)) and the correlation between spectral (ultraviolet 
and visible) and magnetic properties led to a better understan-
ding of bond type (ionic or covalent) and stereochemistry of 
metal lon.s in complexes. Nyholm (23,24), Figgis (25), Mulay (26), 
Goodenough (27), Gray (28) and others have predicted stereo-
chemistry of ma.ny complexes using magnetic criteria. 
The most general treatment of the ligand field theory 
in octahedral complexes was given by Tanabe and Sugano (29). 
Orgel (S0-S2)(1952-55) compared the electrostatic and covalent 
description, of ligand field perturbations, as did Owen (33,54) 
(1955). Since then Ballhausen., Cotton, Jj^rgensen, Dunn, Gray, 
Schaffer and several other workers have applied ligand field 
theory to the metal complexes having tetrahedral and tetragonal 
distribution, of llgands around the central metsl atom.Originally 
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the l igand f ie ld theory was mainly applied to explain ra ther 
acute magnetic d e t a i l s , considering the microscopic magnetic 
su scep t i b i l i t y only. I t has now been extended by the use of 
much more refined electron paramagnetic resonance (EPR) method. 
Thus the anisotropy of the magnetic behaviour in d i f fe ren t 
d i rec t ions in a crys ta l and also the very d i l u t e solut ions of 
paramagnetic, ions in diamagnetic c rys ta l l a t t i c e s can be s tu-
died. 
The study of magnetic property i s perhaps the simplest 
ye t very potent tool for predict ing the stereochemistry, the 
oxidation s t a t e and bond type in the complex compounds. 'Vtiile 
Yan-Vleck (20) and Pataling (19) approaches have been s a t i s f a c -
t o r i l y used to account for the moment of spin-free (Kg Fe Fg) 
and spin-paired (Kg Fe (CN)6) compounds of the f i r s t row 
t r a n s i t i o n metals , the Kotani (S5) theory appears to provide 
a reasonable explanation in terms of the increased sp in-orb i t 
coupling for the low moments observed in many compounds of the 
heavier t r a n s i t i o n metals . In the case of heavy t r a n s i t i o n 
metal complexes explanation of the anomalies are general ly 
sought in the r e l a t i v e effect of fac tors l i k e ( i ) the grea te r 
c r y s t a l - f i e l d effects due to l a rge r energy separation (^ ) 
between d , and d ^ o r b i t a l s , ( i i ) the preponderance of i n t e r -
mediate fonns of the coupling over Russell-Saunders coupling, 
( i i i ) l a rge spin-orbi t coupling constants of the metals involved 
and (iv) the influence of antiferromagnetic i n t e r a c t i o n . The 
reviews on the subject by Nybolm (36,57) and Figgis and Lewis 
(S8,39) are commendable. 
The available data on the magnetic s tudies and 
s t ruc tu ra l corre la t ion of metal complexes involving various 
types of thio organic l igands can be summarized as follows: 
Complexes of mercaptides with N i ( I I ) , Cu(ll) and 
Zn(II) exhibi t normal magnetic moments (40-46) but most of the 
Co(II) complexes have been reported to exhibi t subnormal 
magnetic moment. (2.6 - 3,0 B,M.) (39). This subnormal magne-
t i c moment i s generally ascribed to sp in-orb i t coupling due 
to metal-metal in te rac t ion e i the r d i r ec t l y or v ia bridging 
atoms. Ni( l l ) forms a mult inuclear monomeric complex with 
th ioglycol l ic . acid (47). However, i n solution Ni(II) complex 
with t h iog lyco l l i c acid exh ib i t s a subnormal magnetic moment 
of S.49 B.M. involving configurational equ i l i b r i a (48) . The 
Ni(II) - t h i o s a l i c y l i c acid complex in solut ion (49) ( Aigff= 
2.2 B.M.) probably involves p a r t i a l covalent bonding while 
i t s Co(II) complex ( MQff= 2.38 B.M.) has been in t e rp re t ed in 
terms of simultaneous formation of octahedral and square 
planar species (50). Recently an equilibrium mixture of high 
and low spin s t a t e s of Co(II) with thiopropionic acid ( MQff= 
2.02 B.M.) has also been reported (51) .^ - mercapto ethylamines 
forms a paremagnetic t r inuc lea r complex (52) with Ni ( l l ) while 
p - mercapto ethylpyridine forms multinuclear low-spin inner 
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complexes with Wi(II), P(a(II) and Pt(ll). Busch (53) has 
reported strong field producing low-spin four coordinated 
Ni(II) complexes with N-substituted p- mercapto ethylamine. 
Though Hi(II) complexes of thiols are generally diamagnetic 
and soluble in non-aqueous polar solvents (54,55), but some 
are paramagnetic'and insoluble in most solvents (56). It is 
interesting to note that Toluene 3-4 dithiol and a number of 
divalent transition metal ions form complexes of the general 
formula M(TDT)g , where M is Fe, Co, Ni or Cu. The Co(TDT)g 
anion is perhaps the first example of a high-spin planar d® 
metal complex. (57), The available data (58-65) on these tran-
sition metal complexes with various sulphur containing ligands 
is quite detailed and interesting. 
The metal complexes of sulphur containing ligands 
are of interest because of their enhanced stability (66-68) 
and formation of thio-bridged (47,52,69-71) complexes. The 
anomalous magnetic behaviour coupled with their involved spec-
tra, have aroused keen interest in recent times regarding the 
nature of metal-sulphur linlc. Unfortunately, the present 
available data is not sufficient to provide any coherent pic-
ture of the donoi?acceptor relationship between sulphur and 
transition metals. The proposed work is, therefore, an attempt 
to seek a correlation between magnetic and other physico-
chemical properties of these complexes which may lead semi-
quantitatively an understanding, in general, of: 
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( i ) the donor properly of the sulphur atom, 
( i i ) the nature of the 'metal-sulphur l i n k , 
( i l l ) the posi t ion of mercaptans in spectrochemical and 
nephelauxetic s e r i e s and. corresponding s e r i e s of 
cen t re ! metal atoms, and 
(iv) the coordination number, stereochemistry and oxidation * 
s t a t e of t r an s i t i o n metal ions . 
The present work embodies the study of metal complexes 
of CX>(II), U i ( l l ) , Cu(II) and Cd(II) with methylenebis thioacet ic-
acid (MBTAA) and methylenebisthiopropionicacid (MBTPA) and Co (11)^ 
N i ( I I ) , Cu(I), P t ( I I ) , Pd(II) and Os(IV) with di-isopropy1amino-
ethanethiolhydrocdiloride (DIPAET). The s t ruc tu ra l formulae of 
these l igands are given below; 
( i ) Methyleriebisthioaceticacid (MBTAA) 
^ ^S-CHg-COOH 
(ii)Methyleiiebisthiopropionicacid (MBTPA) 
^S-CHg-CHg-GOOH 
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( i i i ) Dl-isopropyleminoethanethiol-hydrochloride (DIPAET) 
HgC 
^^Z 
H C — I CHg CHg SE 
HgC Hcl 
MBTAA and MBTPA contain- two thix> and. carboxylic 
groups as po ten t ia l donors and therefore are capable of 
combining in various polydentate modes, DIPAET on the other 
hand contains an ac t ive sulphydryl and a t e r t i a r y amine group 
as po ten t i a l donors and therefore i s expected to form four 
coordinated complexes. An analogous compound j ^ - mercapto-
ethylamine (MEA) to DIPAET, has been reported to form s tab le 
complexes with the n\imber of t r a n s i t i o n metgil ions (69,72) . 
MEA forms two types of complexes with Ni(II) tha t i s p lanar , 
diemagnetic Ni(MEA);2 ^ '^^  t r i nuc lea r complex, Ni (Ni(MEA)g)g . 
Another similar example of Ni(II) forming strong f i e l d , low-
spin four coordinated ccanplexes of N-subst i tu ted ^ -mercapto-
ethylamine have been given by Busch and Root (53), 
In thiocarboxylic acids sulphur i s general ly l e s s 
effect ive than i t s congener oxygen in i t s a b i l i t y to function 
as a donor to f i r s t row metal ions . Metal complexes of mono*, 
thiocarboxylic acids (61,62,65,72-75) and d i th iocarboxyl ic 
acids (65,76,77) have been studied extensively , but th iopoly-
carboxylic ac ids , the tb io analogs of complexones, which 
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contain two or more thio and carboxylic groups as potential 
donors, have been subjected to relatively little study till 
now. Very recently some such complexes have been reported 
by Joel (78) and Podlahova (79-82), In the present work an 
effort has been made to isolate and characterize the above 
mentioned metal complexes of MBTAA, MBTPA and DIPAET. The 
stereochemistry, bond type and oxidation state of central 
metal atoms of these complexes have been studied by magnetic 
susceptibility, diffuse reflectance and infrared spectral 
measurements. Main features of these studies are as follows: 
Stereochemistry 
DIPAET forms a binuclear complex with Ni(II) in 
which nickel atoms are attached together through sulphur 
ligand bridges, one of the nickel atom being surrounded 
octahedrally and the other remaining in a planar environment. 
The Pd(II) and Pt(ll) form square planar complexes with 
DIPAET. On the other hand DIPAET reduces the Cu(ll) to Cu(l) 
and forms a monomeric complex. The Cd(ll) forms tetrahedral 
complexes with MBTAA and MBTPA. All other complexes appear 
to possess octahedral structure. 
Stoichiometry 
Chelate of Ni(ll) with DIPAET is binuclear in nature 
showing 2;4;:M;L stoichiometry and appears to involve ligand 
10 
bridging. The complexes of Co(ll), Pt(II), Pd(ll) and Os(IV) 
reveal 1;2::M:L and the Cu(l) shows.-1:1:;M:L stoichiometry. 
The complexes of MBTAA and MBTPA with Co(II), Wi(II), Cu(ll) 
and Cd(II) are of 1:1::M;L stoichiometry. 
Magnetic measurements 
The complexes of NICII), Co(II) and Os(lV) with 
DIPAET show anomalous magnetic behaviour. In all these com-
plexes subnormal values of magnetic moment have been observed. 
The observed magnetic moment value of Ni(II) complex may be 
explained on the basis of square planar and octahedral units 
existing together in the same molecule. A satisfactory expla-
nation for the subnormal value of magnetic moment, in Cb(ll) 
complex of DIPAET has been sought in the probable existence 
of an equilibriiM mixture of low and high spin states. In 
case of Os(IV) - DIPAET complex, the magnetic moment value has 
been explained under the perturbation of high-spin orbit 
coupling. The complexes of Co(II), Ni(II) and Cu(II) with 
MBTAA and MBTPA, however, give normal magnetic moment values. 
Position of MBTAA. MBTPA and DIPAET in spectrochemical and 
nephelauxetic series 
On the basis of available spectral data (83-85) and 
the observed values of splitting energy in case of octahedral 
complexes (Tables 2, 5 and 8) of these ligands the position of 
MBTAA and MBTPA in the spectrochemical series falls some where 
between. HgO and NCS (near to HgO) and that of DIPAET in 
between py and NHg as given below: 
l"/.Br"7.Cl"V^ ^ CN~/.dtp"7.F~ZHgO^^ MBTAA—»MBTPA 
ZNcs'7jgiy~ZpyZDiPAET^ —^NH^ Lso^'^lmflc^ 
The posi t ion of these l igands in nephelauxetic 
s e r i e s corresponds well with the idea of the tendency to lo se 
e lec t rons and reducing character of DIPAET. Thus these l igands 
may be placed some v^here betv/een chloride and oxa la t e . The 
nephelauxetic se r ies can thus be given as : 
-2 
F /HgO /lUrea /NHg Zen^-^Cg04 /.DIPAET^^MBPA 
MBTAA'-^ ^NCS"" Ipl^^-^df / B r " / l " / d tp~ . 
-:o! 
ca;\pTER - II 
PEEPARATIOK. AND CHARACTERIZATION. OF 
METHILENEBISTHIOPBOPIONICACID WITH COBALT (II), 
NICKER (II), COPPER (II) AND CADMIUM (II) 
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EXPERIMENTAL 
Materle2s used and Physical Measurements 
Methylenebisthiopropionic acid (MBTPA) of 98.8 per 
cent purity was obtained from Evans Chemetics Inc., New York, 
U.S.A. and used without further piorification. other chemicals 
were of AnalaR or chemically pure grade. Double distilled 
water or absolute alcohol, as the case may be, was used to 
prepare the solutions. Absolute alcohol v/as prepared by the 
standard method (86) using quick lime for dehydration of recti-
fied spirit. Always fresh standard solutions of ligand and 
metal salts v^ ere prepared whenever required by direct v/eighing. 
Copper nitrate trihydrate solution was, however, standardized 
iodometrically (87). 
The molar conductance at 25°C of the complexes were 
determined at concentration approximately lo" M in dimethyl-
sxiLphoxide using Philips conductivity bridge model PR-9500. 
The magnetic susceptibilities were measxired by Go^ iy method. 
The measurements other than room temperature were made on a 
Newport Variable-temperature Gony balance. The diamagnetic 
corrections were calculated by the use of Pascal's constants 
(88). 
The electronic diffuse reflectance spectra were taken 
on a Zeiss PMQ II spectrophotometer from the sample diluted 
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with magnesium-carbonate and spread on a f i l t e r paper. The 
infrared spectra (400 cm to 4000 cm" ) were obtained in KBr, 
paraff in or halocarbon mulls on a Perkin-Elmer 327 spectro-
photometer. 
The methods of the quan t i t a t ive analysis of d i f fe ren t 
metals and sulphur in the complexes are given in Chapter-V. 
Preparation, of Complexes 
Cobalt d l ' ) - MBTPA Complex; An aqueous solut ion of 
cobalt chloride hexahydrate (75 ml., 0,E M) was added to an 
equimolar solution (150 ml,) of MBTPA in absolute alcohol . The 
resu l t ing mixture was then refluxed. for eight hours a f te r 
addit ion of few drops of concentrated NaOH solu t ion . A l i g h t 
v i o l e t colouration appeared. The solut ion was then cooled and 
shaken vigorously with an excess of acetone, A l i g h t v i o l e t 
sol id was then prec ip i ta ted out . The p r e c i p i t a t e was f i l t e r e d , 
washed several times with acetone, alcohol and f ina l ly with 
ether and then dried over calcium chloride in an vacuum d e s i -
ccator . The complex so obtained was found to decompose a t 
200°C . I t was p a r t i a l l y soluble in dim ethyl siilphoxide 
and insoluble in water and other common organic so lvents . 
Analysis: CO(CYH^QS204) 2HgO requ i res ; Co, 18.57; C, 26.50; 
H, 4.42; S, 20.21 %. Foimd; Co, 18.30; C, 26.40; H, 4.S5; 
S, 20.51 %, 
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Nickel ( I I ) - MBTPA Complex; A l i g h t green s o l i d 
complex iwas prepared by t h e same procedure as de sc r ibed above 
for C o ( I I ) , using n i c k e l ch lo r idehexahydra t e . The complex 
decomposed a t 250*^0 and was p a r t i a l l y so lub l e i n d ime thy l -
sulphoxide and i n s o l u b l e i n water and o t h e r common o r g a n i c 
s o l v e n t s . 
Ana ly s i s : Ni(C,7H^QSg04) H^^ O^ r e q u i r e s ; Ni , 1 8 . 5 1 ; C, 26 .52 ; 
H, 4 . 4 4 ; S, 20.22 %, 
Found; Ki , 18 .39 ; C, 2 6 . 4 5 ; H, 4 . 2 6 ; S, 20.15 %, 
Copper (11") - MBTPA Complex: 75 ml. s o l u t i o n of 0 .2 M 
copper n i t r a t e t r i h y d r a t e i n water was added to an equimolar 
s o l u t i o n of MBTPA (150 ml) i n a b s o l u t e a l c o h o l . After a d d i t i o n 
of few drops of concen t ra ted NaOH, a g r e e n i s h b lue p r e c i p i t a t e 
was o b t a i n e d . The p r e c i p i t a t e was then f i l t e r e d , washed, seve -
r a l t imes with water a l coho l and f i n a l l y with e t h e r and d r i e d 
i n a vacuum d e s i c c a t o r . o v e r calcium c h l o r i d e . I t decomposed 
a t 175°C. The complex was p a r t i a l l y so lub le i n d i m e t h y l S u l -
phoxide bu t I n so lub l e i n water and o t h e r common o r g a n i c s o l v e n t s . 
A n a l y s i s : C U ( C 7 H I Q S 2 0 4 ) r e q u i r e s ^ Cu, 2 2 . 2 3 ; C, 2 9 . 4 1 ; H, 3 .52 ; 
S, 22.42 %, Found; Cu, 2 2 . 1 8 ; C, 29 .19 ; H, 3 . 62 ; S, 22.10 %, 
Cadmium ( I I ) - MBTPA Complex; 50 m l - s o l u t i o n of 0 .2 M 
Cadmium a c e t a t e i n water was added t o an equimolar s o l u t i o n of 
MBTPA (90 ml,) i n abso lu te a l c o h o l . The r e a c t i o n mix tu re was 
kep t i n a r e f r i g e r a t o r for t h r e e days for smooth c r y s t a l l i z a -
t i o n . The white coloured s o l i d complex was then f i l t e r e d . 
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washed with alcohol and ether and then dried in a vacuum 
desiccator over calcium chlor ide . I t was found to decompose 
at 80°G: and was soluble in water but insoluble in most of 
the organic solvents . Analysis; Cd{Cr^E^QS20^) r equ i res ; Cd, 
35.71; C, 26.61; H, S.28; S, 20.57 %, Found; Cd, 35.50; C, 
26.56; H, 3.34; S, 20.10 %, 
Method of calculat ion of ef fec t ive magnetic moment (p.^ff): 
The magnetic measixrements on the sol id complex in 
power form were made by Goiiy method employing CuS04-5H.gO as 
ca l ib ra t ing agent a t 298*'K (>M = 1460 X lO" a . g . s . u n i t s ) . 
The gram suscep t ib i l i t y of the unknown complex was 
calcijlated by the use of the re la t ion (25) 
where o^  i s a constant allowing for the displaced a i r , jS i s the 
tube ca l ib ra t ion constent, w i s the weight of the specimen and 
F i s the force on the specimen taking the force on Gouy tube 
i n to account. The values of oc and ^ for the ca l ib ra t ing agent 
CUS04-5H20 were found to be Q«S = 0.012829 and /S = 0.716. 
The uncorrected molar suscep t ib i l i t y (7-MyjjQQj.p^) i s given by 
T-^xmcoTV, ~^ ^ (molecular weight of the complex). 
Applying the diamagnetic correct ion for the l igands by the use 
of Pascal»s constants (88), the corrected molar su scep t ib i l i t y 
(7- ^COTTJ ^^ ^ ^ ^ given by 
16 
' ^ ^ c o r r ~ ^ ^ u n c o r r ~ (dianaagne^ic^ correct ion 
for tlie l igands) 
^"uncorr-"" \ ^ ) 
The effec t ive magnetic moment ( /%ff) could then be calcu-
l a t e d by using the r e l a t i o n (25) 
Aef£ = 2-84 y X M ^ r r . - ^ ^'^' 
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RESULTS MP DISCUSSION 
The above reported decomposition temperatures 
which range between 175^C and 250^C show tha t the comple--
xes are thermally qui te s tab le except Cd ( I I ) complex which 
has decomposition temperature 80^C. The observed molar 
conductance values in dimethylsulphoxide. Table-1, which 
- 1 2 - 1 
l i e between 2.2 and 3.1 oiaa •*• cm mole obviously ind ica te 
the non-e lec t ro ly t i c nature of these complexes. The magne-
t i c moment values for these complexes are also reported in 
Table-1. 
Cobalt (II'> - MBTPA Complex; Cobalt has an e lec t ron 
7 2 
configuration 3d 4S and thus the free cobaltous ion would 
have 3d effect ive e lec t ron configurat ion. The Co ( I I ) ion 
can, therefore , assume octahedra l , t e t r a h e d r a l , aquareplanar 
or te tragonal s tereoch«nistry depending upon the s t rength of 
ligand, f i e l d . The high-spin octahedral complexes of Co(II) are 
known to have ef fec t ive magnetic moments ranging from 4.80 to 
18 
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5,60 R.M. (59) Involving very high o r b i t a l cont r ibut ion . 
The spin-only moment for three unpaired e lect rons i s only 
3.89 B»M. and the high-spin te t rahedra l complexes (39) have 
magnetic moments considerably in excess of the spin-only 
value , namely in the range 4,go to 4,90 B.M. (39) . The mag-
n e t i c moment values for high-spin f ive-coordinated Co ( I I ) -
complexes are known to l i e in the range of t e t r ahedra l com-
plexes i . e . 4.50 to 4.80 B.M. (89). On the other hand a l l 
the square planar and the strongly tetragonal ones are of the 
low-spin type having one unpaired e lect ron. However, there i s 
a very large o rb i t a l contr ibut ion to the magnetic moment so 
tha t the effect ive magnetic moments for these complexes gene-
r a l l y l i e in the range 2.20 to 2.90 B.M. (39). Again i t i s 
well itnown that six-coordinated lovtz-spln complexes exhibi t 
magnetic moment only s l igh t ly higher than the spin only value 
v i z . 1.90 to 2.00 B.M. (90). Our observed magnetic moment 
value of 5.11 B.M. for Co ( I I ) - MBTPA complex, Table-1, l i e 
well in the above mentioned range of known octahedral complexes 
c lear ly indica te the octahedral nature of the complex. 
The e lec t ron ic spectra of Go ( I I ) - MBTPA complex 
as recorded in F i g . l and Table-2, consis ts of two main bands 
a t 7.80 kK and 19.20 kK with a shoulder at 16.20 kK. Although 
the complex has DA^ symmetry the observed spectra can be i n t e r -
preted in terms of metal ion surrounded by a weak l igand f i e ld 
5 2 
of octahedral micro symmetry. The Co ( I I ) ion has the 4p(tgg e„ ) 
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ground s t a t e with the excited, s t a t e 4p lying 15 B higher in 
energy. In. a cubic c rys ta l f i e ld these l e v e l s wi l l s p l i t 
l i i t o S ^ (F) , S g g (F) , % g (F) and S ^ (P) in order of increa-
sing energy. Hence for octahedral Co(lI)-complexes, th ree 
spin allowed bands are expected corresponding to the t r a n s i -
tions \^{¥)-^T20^ l), S^{¥)^A2^l V2) and S^iF)^^^ 
(P) ( ^ g ) , since ^Ag^)and T;^(F) s t a t e s are derived from tgg eg 
5 g 
and tgg eg configurations respec t ive ly , the t r a n s i t i o n T^gCF) ,. 
A^F]()) g) i s a two e lect ron process end wi l l be much, weaker 
than the other t r a n s i t i o n s . Therefore, the t r a n s i t i o n ( i)g) 
remains unobserved because of the weakness and proximity to a 
strong ( Pg) t r a n s i t i o n . The observed lowest energy band a t 
7.80 kK can, therefore , be assigned es (V)^ )^ and the strong band 
at 19.20 kK as ( Pg) t r a n s i t i o n . To resolve the problem of 
assignment of the shoulder a t 16.20 kK the l igand f i e ld pa r s -
meters were calculated by the use of the following semi-
©aperical equations (91) tha t y i e ld the values of the para-
meters Dq and B accurate l e s s than 5 cm . 
where. 
and 
8 .74 + 0 .5 ( D q V B ' - l ) 
( i i ) 15B = l )g - 21^3^ + 10 Dq + S 
/ . ))1 g /_ 1.101)5 - ^ 1 
^ 9.20 ' " 16 
S = 0.45 B ' ^ 
Dq' 
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To solve these equations for Dq and B, experimental 
value of (^^) and C^^), as assigned above, have been used. 
The pos i t ion of (l^g) t r ans i t i on has been calculated using the 
r e l a t ion i5g =1^^+ 10 Dq (91). The calculated value of iig, 
16,30 kK, agree well with the observed value of 16.20 kK for 
the shoulder. 
Lever (92) has suggested tha t the shoulder on the 
p r inc ipa l band in an octahadral Co(II) complex, in order to 
assign to (i^g) t r a n s i t i o n , must have an energy approximately 
twice but not grea ter than 2,2 times that of Q^i) t r a n s i t i o n . 
This i s s t r i c t l y t rue for a regular octahedral molecule and 
well substant ia ted by our calcula ted value of 2.07 for — ^ -
Yx 
in agreement with other complexes of octahedral symmetry (91), 
I t i s , therefore , concluded tha t the shoulder at 16,20 kK 
corresponds to T^ (F)—•<Agif)transition. Taking the above 
values for (V^), ()^g) and (i^g), the l igand f i e ld s t a b i l i z a t i o n 
energy (L,F,S.B,) was calculated and foiind to be 19,58 Kcal/mole 
The value of (?> , 0.855, ind ica tes a low degree of covalency. 
The spectrum also allows a ca lcula t ion of the E(4p) - E(4p), 
term separation of 12466 cm""^  corresponding to about 86 ^ of 
the free ion value. 
Nickel (11^ - MBTPA Complex; The Ni( i l ) ion has 
an ef fec t ive electron configuration 5d and exhib i t s a magnetic 
moment value higher than expected for two unpaired e lec t rons 
in octahedral and te t rahedra l complexes due to o r b i t a l 
23 
contr ibut ions iRiiere as I t s square planar complexes are 
diamagnetic. The effect ive magnetic moment values reported 
for high-spin octahedral Ni(II)-complexes range from 3.20 
to S.40 B.M, (54) and t e t rahedra l ones between S,60 to 4,00 
B.M, (39) depending on the magnitude of orbitfO. cont r ibut ion . 
The magnetic moment 3,40 B.M, observed in the present case . 
Table-1, coincides with the upper l imit , of the range generally-
accepted for high-spin octahedral complexes. 
For such a complex in octahedral symmetry three 
bands are expected in the e l ec t ron ic spectrum a t t r i bu t ed to 
the t r a n s i t i o n s ^Ag^F^S.gglF)( ^ 1 ) , ^^s^)—?Tig (F) ( ^ 2 ) and 
AgJjF)_,^ T^ (P) (i^s)« The e lec t ron ic spectrum of Ni(II) -
MBTPA complex, F i g . l , Table-2, shows three spin-allowed t r an -
s i t i on at 8.30 kK, ( ^ i ) , 14,00 IsX, ( ^ g ) , and 25.00 kK, ( l^g), 
These bands are very s imilar to those of the nickel aquate 
+2 /'Ni(EgO)g J , (93), wlxLch shows t r a n s i t i o n s a t 8.50 kK, {\^^, 
13.50 kK, (l^g) and 25.30 kK, ( l ) 3 ) . In t h i s spectrum the 
second absorption band, corresponding to the t r a n s i t i o n i-o^^'" 
Tj^ g (F) , i s double-peaked which i s not observed in the 
present orauplex. Very l i k e l y the complex i s of "Q^^ symmetry, 
the observed e lec t ron ic spectre, in the range of 8,00 kK to 
30,00 kK can well be In te rpre ted in terms of metal ion s u r r -
ounded by weak llgand f i e ld of micro symmetry. The l lgand 
f ie ld s p l i t t i n g energy, 10 Dq, i s taken equal to the energy 
of f i r s t t r a n s i t i o n (^-j_) and the Racah parameter, B, was 
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calculated from O^l) f {^2) ^^ ^^  ("^s) '^ aiid energies using the 
diagonal sum rule 15B =^^2 +^3 - ^^1 (S^)* 1^ ® octahedral 
s t ruc ture of the complex again confinned by comparing the 
separation. (Xobs) °^ ^^2^ ^ ^ (^5) ^S^^I^J 11.00 kK, with those 
calciilated value (Xcgi) of, 11,28 kK, on the bas is of octahedral 
symmetry. The value of {^QQX - ^ b s ) > +0.28, i s within the 
usual l im i t (95) for undistorted octahedral N i ( l l ) complexes. 
Further for tetragonal Ni(II) complexes, values of — ~ are 
^ 1 
found s ign i f ican t ly greater than the usual range for octahedral 
complexes and some ^times grea ter than the theore t i ca l l i m i t 
of 1.80 for octahedral symmetry. The in t e rac t ion (95) between 
high-spin T (P) and . 1 (F) s t a t e s gradually lowers the 
r a t i o -T~- from the theore t ica l value of 1.80 to ca 1.50 to 
•^1 
1.70 and the values of about 1,60 to 1.70 are common for N i ( l l ) 
complexes of octahedral symmetry. In the present case the ,.- ^. 
r a t i o of 1,68 i s qxiite c h a r a c t e r i s t i c of the octahedral 
Ni(II) complex. The ligand f i e ld s t a b i l i z a t i o n energy (L.F,S.E.) 
comes out to be 28.S9 Kcal/mole andjE(4p)- E(4j.), term separa-
t ion of 14,100 cm corresponds to about 89 per cent of the 
free ion value. A value of ^ , 0,903, ind ica tes a lov; degree 
of covalency. The reduction of B af ter mxaltiplying 
B G 2+ ( Bo Ni24 )gaseous ' *^ ® ^° cal led nephelauxetic ef fect 
(96), seems to be more ef fec t ive for Co(II) than for N i ( l l ) . 
Copper ( I I ) - MBTPA Complex; Copper has an e l e c -
tron, configuration.3d^ 4S^ and, therefore , the free Cu(II) 
9 ion would have the effect ive e lectron configuration Sd , 
ground term 2v, The spin-only magnetic moment value for 
O 
the Cu(II) i s 1.78 B.M. A great majority of Cu(ll) complexes 
show normal magnetic moment of 1.75 to S.20 B.M. (97) i n d i -
cating the absence of any appreciable spin-coupling between 
unpaired e lec t rons belonging to d i f ferent copper atoms. 
Figgis (98) have predicted the value of magnetic momenta 1.90 
B.M. for t e t rahedra l and ^ 1.90 B.M. for square planar and 
octahedral Cu(II) species . However, i t i s d i f f i c u l t to use 
magnetic moment for s t ruc tu ra l determination of copper com-
plexes because the predicted difference between values for 
octahedral and te t rahedra l complexes are small. On the other 
hand a nianber of Cu(II) complexes have been reported to show 
a subnormal magnetic moment ^1 1.7S B.M. Some Cu(ll) carbo-
xylates (99,100) and the so-cal led t r icoordinated (101) Cu(II) 
complexes belong to t h i s category. Further more Cu(I I ) -
ace ta te containing three atom bridges of carboxylic group has 
a magnetic moment of 1.4.S B.M. due to the spin-spin i n t e r a c t i o n 
between Cu(II) ions . However, the subnormal magnetic moment 
i s not observed in a l l carboxyl group bridged polymers. Cu( l l ) -
benzoate t r i hydra t e , for example, shows a magnetic moment of 
1.87 B,M. i n s p i t e of i t s l i nea r polymeric s t ruc ture (102), 
The observed magnetic moment of 1,77 B.M,, Table-1, of C u ( l l ) -
MBTPA complex excludes strong spin-spin pair ing but does not 
exclude a polymeric s t ruc tu re . 
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Ttie e lec t ronic spectra of Cu(II ) - MBTPA complex 
as recorded in F ig . l and Table-2, cons is t s of only one broad 
band a t 15.00 kK. The e lec t ronic spectra of octahedral ly 
coordinated CU.(II)-complexes exhibi t normally one absorption 
band due to the t r an s i t i on 2 s t a t e i s highly 
g AP S 
suscept ible to jahn-Tel ler d i s t o r t i o n , therefore , no Cu( l l ) -
complex could have a regular octahedral symmetry. The d i s -
to r t ion causes broadening or even s p l i t t i n g of the aforesaid 
absorption band. The observed band at 15.00 kK seems to 
exclude the square planar form as the square Cu(II)-complexes 
generally show two bands of nearly equal i n t ens i t y correspon-
ding to the t r an s i t i ons 2-R —• 2A and 2i3 —> 2™ , l i k e the 
BjLg A^g B^g Eg ' 
reported 15.00 kK and 18,00 kK bands for square planar b is 
(acetylacetonate) Cu(ll) complex (103-105), Therefore, i t 
can be concluded tha t the Cu(II)-MBTPA complex i s of d i s to r t ed 
octahedral s t ruc tu re . Hence the band, a t 15,00 kK has been 
iden t i f i ed to the t r a n s i t i o n 2K —9-2'v^ . 
^g -^2g 
Cadmium (II) - MBTPA Complex; Cadmium has an elec-
10 2 tron configuration 3d 4S . In the elanents of lb group the 
filled d shells loose one or two d electrons to give ions or 
complexes in the II and III oxidation states but for group II 
elements there is no evidence for oxidation states higher than 
two. Therefore, all Cd(II) complexes would be diamagnetic 
and will have no ligand field stabilization effects because of 
the complete d shells. 
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The Cd (II) forms stable tetraiiedral complexes 
with sulphur containing ligands (106-108). The Cd (II) 
complexes of thiopolycarhoxylic acids have been studied by 
Podlaha and coworkers (81a) in solution as well as in solid 
state. It has been found (81a) that these thiopolycarboxylic 
acids form tetrahedral complexes with Cd (II) in which sul-
phur remains uncoordinated. The white solid Cd (II) - MBTPA 
complex was soluble in water and was found to be diamagnetic, 
Table-1. The electronic spectra of the complex was practically 
identical with that of the ligand, MBTPA. The following 
infrared measurements coupled with the diamagnetic nature 
of complex indicate that the cadmium ion is coordinated 
tetrahedrally through oxygen atoms of the carboxyl groups of 
the ligand. 
Infrared Spectra; The infrared spectra of the ligand 
and the complexes were recorded in the region 4000-400 cm"-^  
and are shown in Fig.2 to 6, The infrared spectra show that 
two molecules of water in Co (II) and Ni (II) complexes are 
lattice water. The Important bands and their tentative assign-
ments, Table-3, were obtained with reference to the spectra 
of the other carboxylate complexes as well as those of thio nnd 
amino ncid complexes (109-112). The observed C-S stretching 
band of the ligand, MBTPA, (Table-S), shift to a lower fre-
quencies in case of Co (II), Ni (II) and Cu (II) cpmplexes 
indicating coordination through sulphur. On the other hand. 
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the Infrared spectra of Cd ( I I ) - MBTPA ind ica tes unambi-
guously t ha t sulphur i s not coordinated with Cd ( I I ) . A peru-
sal of the Table-3, c lear ly ind ica t e s t h a t the symmetric and 
the antisymmetric C00~ s t re tching bands in the l igand also 
sh i f t to the lower frequencies in a l l these complexes in the 
region 1410-1420 cm"-^  and 1560-1590 cm""^  respec t ive ly . These 
values correspond to those of the g lyc ina te and other amino 
acid complexes. The bridging carboxylic groups of metal carbo-
xylate complexes also show an absorption in th i s region. I t 
i s , therefore , concluded that coordination takes place throijgh 
both sulphur and carboxylic groups in case of Co ( I I ) , Ni ( I I ) 
and Cu ( I I ) , The thio ether type sulphur and methiomine com-
plexes or the sulphur in case of some methiomine complexes 
does not coordinate to the t r a n s i t i o n metal ions (113). The 
observed magnetic and spec t ra l data of these complexes, the re -
fore , ind ica te that Co ( I I ) and Ni ( l l ) complexes are octahedral 
and Cu ( I I ) forms d i s to r t ed octahedral complex. Their co-
ordinat ion polyhedron must be completed by some intermolecular 
i n t e r a c t i o n , probably through free carboxyl oxygen a s : 
^^ 
u 
i 
\ > -
^~ 
where, M = Co(II) , Ni(II) and Cu(II ) . 
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On the other hand cadmium ion coordinate tetrahedrally by-
oxygen atoms as donors and the coordination sphere is formed 
alternatively by bonding and nonbonding oxygen atoms of the 
carboxyl group (81a). 
Conclusion 
Methylenebisthiopropionic acid, Cag(S.CHg.CHg.COOH)g, 
forms stable complexes, with Go (II), Ni (II), Cu (II) and 
Cd (II) of the type ML.X HgO (M = metal, L = ligand, X = 2 
for Co (II) and Ni (II) and X = 0 for Cu (II) and Cd (II).) 
Their structures have been characterized on the basis of ele-
mental analysis, magnetic moment, electronic and infrared 
spectral studies. The.Co (II) and Ni (II) form high-spin 
octahedral complexes and the Cu (II) forms a distorted octa-
hedral complex. The coordination takes place through both 
sulphur and carboxylate groups of the ligand. The Cd (II), 
however, forms tetrahedral complex and is not coordinated 
through sulphur. Relevant ligand field parameters have been 
reported for these complexes. The nephelauxetic effect seems 
to be more effective for Co (II) than Ni (II). 
-:o; 
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CHAPTER -> I I I 
PREPARATION AND CHARACTERIZATION OF METHYLENSBISTHIOACETICACID 
WITH C0BALT-(II), NICKEL(I I ) , COPPER(lI) AND CADMIIM(II) 
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EXPSRIMMTAL 
Materials used and physical measurements 
Mothylenebisthioaceticacid (MBTM) of 99.5 per 
cent purity was obtained from Evans CSiemetics lac. New York, 
U.S,A, and used without further purification. All other 
chemicals used were of analaR grade or chemically pure grade. 
Double distilled water or absolute alcohol was used for pre-
paring fresh solutions whenever required. The thermogravi-
metrie analysis of Cu(II) complex was made on a station 
Redcroft Thermal Analyser 67lb. For details of the methods 
and physical measurements please see in Chapter-II. 
preparation of complexes 
Cobalt (in - MBTAA Complex; 25 ml.of 0.25 M 
aqueous solution of cobalt chloride hexahydrate was added 
to an equimolar solution (75 ml.) of methylenebisthioacetic-
acid in absolute alcohol. A few drops of concentrated 
NaOH solution were then added and the resulting mixture 
was refluxed for seven hours. The violet coloured 
solid was then separated out on cooling in ice cold water. 
It was filtered and washed several times with water. 
32 
e thano l and f i n a l l y with e t h e r and then d r i e d i n vacuum 
over calcium c h l o r i d e . I t was found to decompose a t 270°C. 
I t vfas s l i g h t l y s o l u b l e i n h o t water and common o r g a n i c 
s o l v e n t s . Ana lys i s : Co(CgHgSgO^), r e q u i r e s ; Co, 23.B8; C, 
23 .72 ; H, 2 .39 ; S, 25 .33 %, Found; Co, 23 .34 ; C, 23 .76 ; H, 
2 . 3 5 ; S, 25.38 %, 
Nickel iJ.t) - MBTAA complex: A green so l i d complex 
was ob ta ined by the same procedure as d e s c r i b e d above for 
C o ( l l ) , using n i c k e l c h l o r i d e hexahydra te . The complex de-
composed a t 265*^G, I t was s l i g h t l y so lub le i n hot water and 
common organic s o l v e n t s . Ana ly s i s : Ni(C^HgS£04), r e q u i r e s ; 
Ni , 2 3 . 2 1 ; C, 23 .74 ; H, 2 . 9 3 ; S, 25 .23 %, Found; Ni , 23 .30 ; 
C, 2 3 . 7 1 ; H, 2 .97 ; S, 25.16 %, 
Copper ( I I ) - MBTAA complex; A g r een i sh -ye l l ow s o l i d 
complex was ob ta ined by the same procedure r e p o r t e d above, 
using copper n i t r a t e t r i h y d r a t e . The complex decomposed a t 
160°C. I t was s l i g h t l y so lub le i n water and conmion o r g a n i c 
s o l v e n t s . Ana lys i s : CuCC^EgSgO^) 2HgO, r e q u i r e s ; Cu, 21 .62 ; 
C, 20 .44 ; H, 3 . 43 ; S, 21.82 $, Found; Cu, 21 .64 ; C, 20 .38 ; 
H, 3 . 3 4 ; S, 21.75 %, 
Cadmium ( I I ) - MBTAA complex: 50 ml ,of 0 . 2 M aqueous 
s o l u t i o n of cadmium a c e t a t e was added to an equimolar s o l u t i o n 
of m e t h y l e n e b i s t h i o a c e t i c a c i d (100 ml.) i n abso lu t e a l c o h o l . 
The whi te p r e c i p i t a t e thus ob ta ined was f i l t e r e d and washed 
with water , a lcohol and e t h e r and then d r i e d in vacuum over 
33 
calclim dxLoride, I t was found to decompose a t 280°C, I t 
was insoluble in water and most common organic solvents . 
Analysis; Cd((^H6S204), r equ i re s ; Cd, 40.93; C, 21.87; H, 
2.20; S, 2S,55 %, Pound; Cd, 40.61; C, 21.80; H, 2 .12; S, 
23.15 %. 
:J4A 
RESULTS MP DISCUSSION 
The above reported decomposition temperatures 
iidaich range between 160^0 end 280**C ind ica te tha t the 
complexes are thermally quite s t a b l e . The molar conduc-
tance values in dimethylsulphoxide for Co ( I I ) , N i ( I I ) , 
Cu(II) and Cd(II) as given in Table-4, are too low to 
account for any d issoc ia t ion and lead to non -e l ec t ro ly t i c 
nature of these complexes. The ef fec t ive magnetic moment 
values are reported in Table-4, 
Cobalt (II> - MBTM Complex; The observed 
magnetic moment of 4.97 B.M., Table-4, i s i n agreement 
with the general ly accepted values , 4.80 to 5.60 B.M.,(59) 
for high-spin octahedral Co(II)-complexes, suggests tha t 
the complex i s octaiiedral. 
The observed e lec t ron ic spectra for Co(II)-complex 
i s recorded in Fig.7 and the observed t r a n s i t i o n s are summa-
rized i n , Table-5, A perusal of ,Table-5 , shows tha t Co(I I ) -
MBTAA e lec t ron ic spectra consis ts of two main bands a t 7.80 kK 
and 19.60 kK and a weak band at 16.00 kK consis tent with the 
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o c t a h e d r a l or t e t r a g o n a l arrangement of the l i g a n d . The 
observed t r a n s i t i o n s can, however, be i n t e r p r e t e d i n terms 
of metel ion surrounded by a weak l i g a n d f i e l d of o c t a h e d r a l 
microsymmetry. The o c t a h e d r a l Co(I I ) -complexes , g e n e r a l l y , 
e x h i b i t t h r e e spin-a l lowed bands corresponding to the t r a n s i -
t i o n s \ ^ CF)_%gCF)CX>^) . % g ( F ) _ % ^ F ) ( P ^ ) and 
% (F) ^ ^ (P) ( ^12) i n o r d e r of i n c r e a s i n g e n e r g i e s 
J-O •'-0 
i n the absorp t ion s p e c t r a . The t r a n s i t i o n T^ (F) » •^ gg'v )^ 
( I^^) may or may not be observed because of the weakness and 
proximity to a s t rong { V„) t r a n s i t i o n ( see c h a p t e r - I I ) . The 
observed lowes t energy band ( F i g , 7 , Table-5) a t 7.80 l&K i s , 
t h e r e f o r e , ass igned as ( ^ i ) and t h e s t rong band a t 19.60 kK 
as ( 1^^). The weak band a t 16,00 kK i s , however, assumed as 
( ^^) t r a n s i t i o n . These observed bands a re q u i t e s i m i l a r to 
/.''Co(HgO)g_7^"^ (114) c o n s i s t i n g of two main bands a t 8.10 kK 
( D^) and 19.40 kK ( ^ R ) and a t h i r d weak band a t 16.00 kK 
( 1^9). To r e s o l v e the p o s i t i o n of ( U^) t r a n s i t i o n on the 
b a s i s of o c t a h e d r a l symmetry, the l i g a n d f i e l d parameters were 
ca l c i i l a t ed , by the use of sen iemper ica l equa t ions (91) and 
r e s u l t s a re summarized i n ^ T a b l e - 5 . The p o s i t i o n of ( ^ ^ ) 
t r a n s i t i o n was then c a l c u l a t e d using the r e l a t i o n (91 ) , P g = 
)^;L + 10 Dq. The c a l c u l a t e d va lue of ( l^g,) , 16.g8 kK, i s i n 
good agreement with the observed band a t 16,00 kK. F u r t h e r -
more, Lever (92) has shown t h a t i n case of an o c t a h e d r a l eo ( I I ) -
complex the ( i^o) t r a n s i t i o n must have an energy approximately 
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twice but no J: greater than 2.2 times tha t of ( i>^) t r a n s i -
t i on . The observed r a t i o (—-—) as 2,05 also supports the 
assignment of the band at 16,00 kK to ( % ) corresponding 
to the t r a n s i t i o n T^^ g (F) * A g g \ 0 ' 
Considering the above band pos i t ions for (V^), 
( i>;^ ) and ( ^^) the value of l igand f i e ld s t a b i l i z a t i o n 
energy ( L . F . S . E . ) comes out to be 19.52 K.cal/mole. The 
calculated value, 0.883, of ^ ind ica tes a lov* degree of 
covalency and th.e term separat ion, E( P ) - E( F ) , of 
12871 cm corresponds to about 89 per cent of free ion value. 
Micicel ( I I ) - MBTAA complex: For high-spin octahedral 
Ni(II) - complexes the ava i lab le effect ive magnetic moment 
values l i e in the range 3.20 to 3,40 B.M, (54). Our observed 
effect ive magnetic moment value of 3.21 B.M., Table-4, i n d i -
cates c lear ly the octah-edral nature of the complex. 
The e lec t ron ic spectra of Ni(II)-MBTM complex i s 
recorded in Fig.7 and Table-5. The e l ec t ron ic spect ra in the 
range of 8.00 kK to 30.00 kK and the magnetic moment value 
of 3.21 B.M, are typica l ly of octahedral ly coordinated N i ( I I ) -
coffiplex. The observed energies of the spin-allowed t r a n s i -
t ions ^ A g | W \ ^ F X ^ l ) a t 8.40 kK, % ^ W ^ T ^ g (F) (V^) 
a t 14.00 kK and A^glF)—> ^T (P) ( 1 ^ ) at 25.00 kK agree well 
with those predicted from Leihr and Ballhausen (115) energy 
l eve l diagram for Ni(II) i n a l igand f ie ld of octahedral 
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symmetry. These bands are also very s imilar to those of 
nickel aquate / Ni (H20)g_7 , (93). 
The l igand f ie ld parameter, 10 Dq, was taken equal 
to the observed energy of the f i r s t t r i p l e t t r a n s i t i o n ( HL) 
and the Racah parameter, B, was calculated by the subs t i tu -
tion of ( 1 4 ) , ( V^) and ( -^^ I2) band energies in the secialar 
equation 15B ='^2 +Pg - 5^^(94). The calcula t ion includes 
the mutual in t e rac t ion betv/een the T^ l eve l s but ignores 
sp in-orbi t coupling. The observed separat ion, 11.00 kK, of 
( V^) and ( Mj) bands compared with the calculated value (94) 
of 11.04 kK, on the basis of octahedral symmetry, further 
confirms tha t the tetragonal d i s to r t i on i s ra ther small and 
the complex remains p rac t i ca l ly octahedral . Further more i t 
has been reported that as Dq increases the i n t e r a c t i o n (95) 
between high-spin ^T (P) and ^T (F) excited s t a t e s gradua-
^ V9 ^ 
l l y lowers the r a t i o (—rj—) from the theo re t i ca l value of 
4-
1.80 for ttie Ni(ll)-complexes in octahedral symmetry. Our 
value of 1.66 for r a t i o (—r^ —) i s in accord with the commonly 
reported value of 1,60 to 1.70 for Ni ( l l ) - complex of oc ta-
hedral semmetry and indica tes a strong TL leve l i n t e r ac t i on . 
The ligand f ie ld s t a b i l i z a t i o n energy calculated on 
the basis of octahedral symmetry comes out to be 28.72 K.ca l / 
mole. The calculated value, 0.884, of ^ indica tes a low 
degree of covalency and the term-separation of 13800 cm"-^  
correspond-s to about 87 per cent of free ion value. The 
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E 2+ 
reduction of B after multiplying by ( ° ^°^^ )gaseous ^ ^ ^ ) ' 
^ Ni 
the so called nephelauxetic effect, seems to be more effective 
for Co(ll) ion than for Ni(II) ion. 
Copper(II) - MBTAA complex: The majority of Cu(II)-
complexes show magnetic moment values of 1,75 to 2.<0 B.M. 
(97), near the spin only value of 1.7S B.M,, indicating the 
absence of any appreciable spin coupling between impaired 
electrons belonging to different copper atoms. The magnetic 
moment of tetrahedral complexes are generally higher than the 
square-planar or octahedral Cu (II) complexes (98). On the 
other hand some complexes like copper (II) carboxylates 
(99,100) and the so called tricoordinated Cu (II)-complexes 
(lOl) show a subnormal magnetic moment ^1.75 B.M. but not 
in all carboxyl group bridged polymers like Cu (II) benzoate 
trihydrate (102) which has a magnetic moment of 1.87 B.M. 
The observed magnetic moment value of 1.95 B.M., Table-4, 
excludes strong spin-spin pairing but does not exclude a poly-
meric structure. 
The electronic spectra of an octahedrally coordi-
nated Cu (II)- complex should normally exhibit one absorption 
band due to ^ g — * Tgg transition. State ^Eg is highly sus-
ceptible to Jeihn-Teller distortion and no Cu (II) - complex 
should have a regular octahedral symmetry. The distortion 
causes broadening or even splitting of the absorption band. 
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Therefore, a l l s ix coordinated Cu (II)-coup1exes are t e t r a -
gonal vd-th D ^ or G^  symmetry or rhombic with Cg symmetry, 
2 In D4J1 symmetrj' the Eg and T2g leve l s of the D free ion term 
wil l further spl i t , in to B^g, Aig and B2g, Eg l eve l s respec-
pect ively and the energy l eve l sequence wil l depend on the 
amount of the d i s t o r t i o n (116), Hence three spin-allowed 
t r a n s i t i o n s are expected in the absorption spectra for a Cu 
(I I ) - complex in D^ ;^  or C';^ ^ semmetry. In Cg^ semmetry the 
Eg leve l from Tgg level s p l i t s further , however, only s l i -
ghtly and hence the s p l i t t i n g i s d i f f i c u l t to de tec t . The 
observed spectrum shows only one broad band, Fig.7 and Table-
5 , a t 1'6.00 kK. The complex being formally of B^ symmetry 
excludes a square-plsjaar form because a square-planar CU (II) 
shows two bands of nearly equal in t ens i ty at about 15,00 icK 
2 2 
and 18.00 KK corresponding to the t r ans i t i ons B^—> A^ 
and B^-Lg—* ^Eg (103-105) respec t ive ly . Therefore, the obser-
2 2 
ved band i s iden t i f i ed as d-d band Eg—^ Tgg of octahedral 
Cu ( I I ) ion. 
Cadmium (TT) - MBTAA complex: The Cd (ll) forms 
stable tetrahedral complexes with sulphur containing ligands 
(106-108). Podlaha and coworkers (81a) have shown that 
Cd (II) complexes of thiopolycarboxylic acids are tetrahedral 
in nature and the sulphur in these complexes remains uncoordi-
nated with the Cd (II). 
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The white solid. Cd (II) - MBTAA complex was inso-
luble in water and was found to be diamagnetic, Table-4. The 
electronic spectra of the complex was practically identical 
with that of ligand, MBTAA. The following infrared measure-
ments coupled with the dismagnetic nature and the insolubility 
of the complex in water as well as in organic solvents indi-
cates that the cadmium ion is tetrahedrally coordinate and 
forms a polymeric net work. 
Infrared, spectra; The infrared spectra of the 
ligand and its complexes were recorded in the region 4000 -
400 cm"-^  and are shown in Fig.8 to 12. The important bands 
and their tentative assignments, Table-6, were obtained with 
reference to the spectra of the other carboxylate complexes 
as well as those of thio and amino acid complexes (109-112), 
The C-S stretching band at 730 an of the ligand on comple-
xation was found to shift to lower frequency indicating the 
coordination through sulphur. The symmetric COOT stretching 
band in the ligand also shifted to lower frequency. The anti-
symmetric C00~" stretching band on complexation shifted to 
lower frequencies in the region 1580 - 1590 cm"-^  for the com-
plexes of Co (II), Ni (II) and Cu (II). These values corres-
pond to those of glycinate" and other amino acid complexes. 
The bridging carboxylic groups of metal carboxylate complexes 
also show an absorption in ttiis region. Furthermore, the -OH 
deformation- band at 810 cm"-^  in the ligand disappear on 
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complexation as the ionization of the carhoxylic group is 
envisaged in coordination. It is, tiierefore, concluded that 
coordination taices place through both sulphur and carboxylate 
groups. In case of Cd (II) - MBTAA complex the coordination 
sphere is formed besides the sxiLphur atoms by carboxylic 
oxygens. The position of the band of the antisymmetric COO" 
stretching vibration as well as the difference of the wave 
numbers of the antisymmetric and symmetric C00~ vibrations 
higher than 220 cm~-^  (Table-6) indicate the covalent character 
of the carboxyl metal bond (117,118). The observed strong 
band at 5340 cm"-"- indicate the presence of water molecule in 
CU (II) complex and the -second observed band at 940 cm^-^was, 
however, assigned to coordinated water molecules which was 
further supported by thermogravimetric analysis (Fig. 13) which 
indicated the loss of one molecule of water at 145°C (weight 
loss = 5.7 %, theoretical 6.IS %) and another at 160°C (weight 
loss = 12.60 %, theoretical 12.26 %), It is, therefore, 
concluded that Cu (II) complex is six coordinated and the two 
coordination positions are occupied by two water molecules. 
On the other hand, in case of, anhydrous Co (II) and Ni (II) 
complexes, the magnetic and spectral data Indicate that these 
cxMnplexes are octahedral, their coordination polyhedron must 
be completed by some intermolecular interaction, probably 
through free carboxyl oxygen as. 
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(J=^^0. 
Where, M = Ci)(II) and Ni(ll). 
In the Cd.(II)-MBTAA complex coordination number and 
the donating ability is saturated by two carboxylic oxygens 
and two sulphur atoms forming a tetrahedrally coordinated 
cadmium ion. The coordination of carboxylic oxygen further 
supported by the disappearance of -OH deformation band in the 
complex. The insolubility of th,e complex seems to indicate 
a polymeric net work. 
Conclusion; Methylenebisthioaceticacid, CHg(SCHg-
COOH)g, forms stable complexes, with Co(II), Ni(II), CU(II) 
and Cd(II) of the type ML X HgO (M = metal, L = ligand, X = 2 
for Cu(II) and X = 0 for Co(II), Wi(II) arid Cd(ll). Their 
structures have been characterized on the basis of elemental 
analysis, magnetic moment, electronic and infrared spectral 
studies. The Co(ll) and Ni(II) complexes are high-spin octa-
hedral, the Cu(ll) forms a distorted octahedral complex and 
the Cd(ll) forms a tetrahedral polymeric structure. The 
coordination takes place through both sulphur and carboxylic 
oxygen groups. Relevant ligand field parameters have been 
calculated for these complexes. 
(HAPIER ~ IV 
PREPARATION AND CHARACTERIZATION OF 
DI-ISOPROPYLAMINOETHANETHIOL WITH 
COBALT(II), NICKEL(II), COPPER(l), PLATINUM ( I I ) , 
PALLADIUM(II) AND OSMIUM(IV) 
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KXgKRlMENTAL 
Materials used and physical measurements 
Di-isopropy1aminoethanethiol-hydrochloride 
(DIPiUST) of 99.5 per cent purity was obtained from Evans 
chcanetics Inc., New tork, U.S.A. and used without further 
purification. All other chemicals used were of AnelaR or 
chemically pure grade. Alwsys fresh aqueous solutions were 
prepared by direct weighing. 
The details of physical methods are given in 
Chapter-II. 
Preparation of complexes 
Cobalt (II> - DIPAET Complex; 50 ml.of 0.2 M cobalt 
chloride hexehydrate was added to 150 ml, equimolar aqueous 
solution of DIPAET. Addition of few drops of concentrated 
NaOH developed a dark pink colour. The colour intensity was 
maximum between pH 7.5 to 8.5. The dark pink solution was 
then stirred for about 15 minutes and concentrated on a steam-
bath. The syrupy liquid thus obtained was changed to a dark 
pink solid on keeping in a refrigerator for a couple of days. 
The solid complex was filtered and then washed several times 
with water, alcohol and finally with ether and then dried in 
a vacuum desiccator over calcium chloride. The ccxaplex was 
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found to decompose at £04^C. It was insoluble in. water 
but soluble In chloroform, dimethylsulphoxide and partially 
in other common, organic solvents. Analysis; £'^^(^^18^^)2 
(HgO)g J EHgO, requires; Co, 15.05j C, 42.55; H, 9.8E; N, 
6,20j S, 14.19 %, Foundj Co, 13,16j C, 42.70; H, 9.99; N, 
6.38; S, 14.08 jg. 
?iickel (II) - DIPAET Complex; A brov.ii solid was 
prepared by the same procedure described above using nickel 
chloride hexahydrate. It decomposed at 1980c. The complex 
was insoluble in water but soluble in chloroform, carbon-
tetrachloride and partially in other common organic solvents. 
Analysis; jC^±2(C&S.xQm)^ _J E2O, requires; Ni, 15.12; C, 
49.49; H, 9.60; N, 7.21; S, 16.15 %, Found; Ni, 15.16; C, 
49.SI; H, 9.58; N, 7.13; S, 16,25 %, 
Copper (I) - DIPABT Complex: An equimolar solution 
of copper nitrate trihydrate (50 ml-, 0.2 M) was added to 
DIPAET (150 ml.) in aqueous phase. On adding few drops of 
concentrated NaOH, at pH 7 to 8, a yellow colour developed. 
A dense yellow precipitate was then obtained on heating the 
solution-over a water-bath. After cooling it was filtered 
and washed several times with water, alcohol and finally with 
ether. It was then dried in vacuum desiccatot over calcium 
ehloride. The complex decomposed at 145^0. It was insoluble 
in water but soluble in chloroform and partially in other 
common organic solvents. Analysis; ZrCu(C^ H^g NS)_7 * 
4/ 
requires; Cu, 28.S7j C, 42.81; H, 8.10, N, 6.28; S, 14.31 %. 
Found; CU, 28.57; C, 42.76i H, 7.98; N, 6.15; S, 14.S6 %. 
Platinum (II) ~ DIPAET Complex; 37.5 ml-of 0.2 M 
chloroplatinic acid solution- was added to 150 ml., equimolar 
solution, of DIPAET in aqueous phase. On addition of few 
drops of concentrated NaOH a dense yellow coloured developed 
at pH.8.0. The solution was heated on a steam bath for 15 
minutes and on cooling a yellow precipitate was obtained. The 
precipitate was filtered, washed thoroughly with water, alcohol 
and ether and dried at 80°C, It decomposed at 207*^ C. The 
complex was insoluble in water but partially soluble in common 
organia solvents. Analysis: /"pt. (Cs ^IQ NS)g J , requires; 
Pt, 37.83; C, 37.27; H, 7,04; N, 5.43; S, 12.43 %, Found; Pt, 
37.62; C, 37,57; H, 6.94; N, 5.40; S, 12.30 %, 
Palladium (II) - DIPAET Complex; 50 ml. of 0.2 M 
palladium chloride solution was added to 150 ml, equimolar 
solution of DIPAET in aqueous phase. A yellow colouration 
appears, at pH 8.0, by adding few drops of concentrated NaOH. 
On heating the resulting mixture on a steam-bath for 30 minutes 
a dense yellow precipitate was obtained. After being cooled, 
it was filtered, thoroughly washed with water, alcohol and 
ether and then dried at 80^C. It decomposed at 205^0. The 
complex was insoluble in v/ater but partially soluble in organic 
solvents. Analysis; £^?<X (CS Hi8NS)2 J , requires; Pd, 24.92; 
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C, 45.01; H, 8.50; N, 6,56; S, 15.02 %, Found; pd, g4.70;. 
C, 45.10; H, 8.S2; N, 6.Jd6; S, 15.18 %. 
Osmium dV) ~ DIPABT Complex; 50 ml.of 0.2 M osmium 
tetraoxide solution was edded to 150 ml, equimolar solution 
of DIPAET in aqueous phase. A portion of the reaction mixture 
(S5 ml.) was brought down to pH 2,0 by a gradual addition of 
dilute hydrochloric acid. A black colour developed but the 
complex could not be extracted with common organic solvents. 
On heating over a steam-bath the residue after evaporation 
could not be cxystallized due to its sticlcy nature. To the 
reaalning part of the reaction mixture concentrated NaOH wes 
gradually added to raise the pH ^ 11.0. A greyish brown colo-
ured complex of sticky nature was formed and extracted using 
chloroform as a solvent. Chlorofoim was then evaporated and 
the brownish-black coloured complex was dried at 80°C. It was 
found to decompose at 155**C. It had a limited solubility in 
water but was soluble in most common organic solvents. 
Analysis: /"Os (Ce Hia NS)g (Oa)g J , requires; C, 55,SI; H, 
7.05; N, 5.14 %. Found; C, 25.40; H, 7.20; N, 5.45 %. 
Lack of suitable sttindard method for osmium analysis in the 
complexed state prevented the metal estimation. 
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RESULTS AND DISCUSSION 
The above reported decomposition temperatures 
which range between 145°G end 207**C ind ica te t ha t the com-
plexes are thermally qui te s t a b l e . The molar conductarice 
values in dimethylsulphoxlde, Table-7, are too low to account 
for t h e i r d i s soc ia t ion and ind ica te t h e i r non-e lec t ro ly te 
na ture . 
Cobalt (TT) ~ niPAKT Compley- The magnetic moment 
value of S.49 B.M., Table-7, Co (II)-DtpAET complex, on the 
following considera t ions , could be a t t r i b u t e d to a mixture of 
high and low spin s t a t e s octahedral complex. Cobalt has an 
electron configuration Zd^ 4s^ . As discussed on page 17 , the 
hexacoordinated complexes of a d*' ion such as Co ( I I ) would be 
high-spin, a t the weak f ie ld and low-spin a t the high f i e ld 
l im i t of the l lgand f i e l d . The two s t a t e s are expected to have 
comparable s t a b i l i t i e s some where betweoi two extremes within 
a r e l a t i v e l y small range of f i e ld s t rength (29) . The spin-
o rb i t coupling constant for Co(II) ion i s X = 170 cm""^ , (S4) 
consequently, a high-spin octsJaedral complex (^T-^ ground term) 
should lead to a magnetic moment of about 5.20 B.M. a t SOO^ 
or some what lower i f there i s any d i s t o r t i o n i n the regular 
octsJiedron as reported in many high-spin octahedrsl complexes 
of Co(II) (129,120). Low-spin octehedral complexes have the 
6 1 £ 
configuration tg„ e i leading to a Eg term. The magnetic 
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mom n t o£ rucl com'^'lc-"'s c' oulcl bo c T c c to T] i r . -only value 
for .'l:o on.-- unpaired e l e c t r o n (55, 90, 121, 122) . '-.•"he repor ted 
marrne'cic moment value of 3.49 B.M., Tnb lc -? , for t he C O ( I T ) - D I P A E T 
complex licr; between the va lues o''"Sorved for lo\ ' and h i q n - s p i n 
o c t a h e d r a l com^^lexes of Cod"^) v/Mcb may v/cl'' be a consoroaence 
of ci!-.b.er one or a com.b-inat-^ on of the follo\.'nnq f a c t o r s : 
( i ) a forromaanct ic impur i ty admixe - v/lth low-^nin C o ( I l ) , 
(l-O an ant i fer romaqnt- t ie -•! nterc-\ctior, v/ith. l i q l - s p - ' n Co(l~) , 
( i i i ) a mixtu'-c or two ox ida t ion s t a t e s of coba^.t v i s . Co( l l ) 
and C o d T " ) , (iv) a n a r ' - i a l cova2ent cl a r r c t c r of t h ' ' complex 
i . e . a m-^xture of hiql and low-ST->in s t a t e s ' and (v) a prt-oence of 
low symmetry components a lone with t i c i^.iqh-snin o c t a h e d r a l 
CT-^ecies . 
The f i e hi h'-:-nd nee s IIITGS do not v/arrant the p resence 
ol ar;\' ferromagnet ic im-^^'rity. Z^ nv arti-Terromaanc •'c i n . t r r a c t i o n 
i s ni ler ' out or t h e bas i i ' of Oi r ics -Weiss law be ing not obeyed 
(Fin.l'^.) by the Comi^lex, Analys is a n ! e l ' ^ c t ron ic rne-c .raT 
s t r ic<-' '""o not show ' 1 c -^ T-^ , Gor.ce of any CoCf''"*) be ing admixed 
\;i ' ti Co(ld') . P o s s i b i T i t v o^ a r>o]-iTneric s t r u c t u r e can bv nvled 
out on t h . b.u.U: of r o l u b i l i t " ' rv"^ c o r i d u c t i v ' t v da t a as r rno r tod 
in tahlf ( 7 ) . hovrever t h e comnlr:; uncVr stuch/ e r l i l - ^ i t s , room 
tc^'nera' u rr maanr t ic momi n t va3ue v/hich "'s much be^ox/ the va lue 
/ 2 
ex.-'^ected -^or T, grornd s t a t e an^l much above t i e valui for T 
i g i g 
ground s t a ' e . IV couhl t l err '"oro be in Terr'' "^  f a t t i e obi.erved 
'"vb-norpal vaH't- o"" magnetic moment Tal-h —7 iiay b " h''>cause 
o t i e r^v-to^-opc o_; lov/-'r SMniaotr^/ com~ one i t an 1 ^-ar-.ial cova len t 
c h a r a c t e r oil 'he C'Cr-]ex 1.c. a m.i" ur^- of low a n ' hir'H coin s t a t e , 
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TaKing the above band pos i t ions , for ( i ^ ^ ) , ( ^^) 
and ( ^ ) * tb.e value of ligaiid f ie ld s t a b i l i z a t i o n energy 
(L.F.S.E.) comes out to be 20.86 k .ca l /mole . The covalency 
factor , calculated with the help of absorption spec t ra l data 
i s 0.87, Table-8, This value of 0.87 may lead to a reduction 
In magnetic moment and thus Indica tes the presence of both 
high and low-spin s t a t e s in equilibrium. In other words the 
covalency fac tor ar i s ing out of the p a r t i a l overlap of 5rd 
o r b i t a l s with^- and tr o r b i t a l s of surrounding donors, con-
s i s t s of both f^  and f.^  i . e . f^  = f^ - f^  = 0 . 8 7 
Nickel riT^ « niPAF.T Hompl^ Tr. The K i ( l l ) ion with 
electron configuration Sd i s expected to form octahedral , 
t e t rahedra l or diamagnetia square planar complexes. However, 
a pos s ib i l i t y of paramagnetic square planar complex can not 
be ruled out as suggested by Maki (125). The avai lable effec-
t ive magnetic moment data for Ni(II) complexes c lea r ly i nd i ca t e 
a range for high-spin ( i ) octahedral (54) , 3.20 to 3.40 B.M. 
and ( i i ) t e t rahedra l (39), 3.60 to 4.00 B.M. The Hi(II) com-
plexes of t h i o l s were usually found to be diamagnetic and 
soluble i n non-aqueous polar solvents (54,55) . In the present 
case, Ni(II)-DlpftE'T complex was, however, found to be para-
magnetic, and p a r t i a l l y soluble in most of the non-aqueous polar 
solvents . The magnetic moment per n ickel atom of 2.24 B.M., 
Table-7, much l e s s than the value expected for high-spin 
55 
octahedral or te t rai iedral complexes, was found to be inde-
pendent of temperature. Table-?. A p lo t of inverse of cor-
rected molar suscep t ib i l i t y against temperature. Fig.16, obeys 
Curie-Weiss law with 9 = +6^K. A s imilar magnetic behaviour, 
i n case of N i ( l l ) complexes of dithiooxamide, has already been 
reported by Kanekar and Coworkers (126). The low magnetic 
moment value thus coxald be a consequence of a diamagnetic 
square planar uni t contained i n the same molecule along with 
octahedral un i t . 
The conclusion i s fur ther supported by the e l e c t r o -
n i a spectrum of the complex which shows four bands. Fig.15, 
appearing a t 9.20 kK, 16.SO kK, 18,60 kK and 21.00 kK, Table-8.-
A la rge number of octahedral Ni ( l l ) complexes have been repor-
ted to exhibi t three spin-allowed bands i n the region 8,00 to 
15,00 kK ( ^ i ) , 15,00 to 19.00 kK ( ^z) and 25.00 to 29.00 kK 
( i^^) corresponding to t r a n s i t i o n s ^Ag^ f^ ^—»^ Tg^ F), ^Ag^PW^T^ (F) 
and ^A2^^>—'^ Tlg (P) respec t ive ly . The square planar Ni(II) 
complexes have been shown, to have a t the most three bands. The 
f i r s t generally appears i n most of the Ni ( l l ) complexes in the 
region 15.00 to 18.00 kK while the second and th i rd bands are 
often not observed (55,127). On taking 10 Dq value for the 
octahedral species , considering the value 9,20 kK for the f i r s t 
band posi t ion corresponding to the t r a n s i t i o n ^Aggff)—»^Tg^lO->^) 
and using Ballhausen's equations (128), the remaining spin-
« 
allowed bands are expected to appear at 16,56 kK (^ ;^ ) and 
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5B 
g6.24 kK ( 1>^). The observed band at 16,SO kK i s very close to 
that of calculated band at 16.56 kK ( ^y.) ^^^ to the t r a n s i t i o n 
A^g^ F^ —*®Tig (F) . The remaining two hands at 18.60 kK and 21.00 
kK are the c h a r a c t e r i s t i c bands of square-planar unit co r res -
ponding to t r an s i t i ons ^A^—*^B^ and ^A^g—*^^2R r espec t ive ly . 
Taking these assignments the l igand f i e ld s t a b i l i z a t i o n energy 
(L.F.S.E.) for octahedral uni t comes out to be 31.So k .ca l /mole . 
The presence of both octahedral and square-planar un i t s accounts 
well for the observed reduction of magnetic moment. Thus i t 
i s concluded tha t the complex contain nickel atoms at tached 
together through a siiLphur bridge in which one of the nickel 
atom i s surrounded octahedral ly and the other one remaining in 
a planar environment in the form ( I ) , 
(I) 
Copper (I> - DIPAET Complex: The electronic configu-
10 1 
ration of copper atom is Sd 4S and, therefore, univalent 
compounds would be diamagnetic being by considering linear Sp 
or tetrahedral Sp^  bonds, llie Cu (II), however, contains one 
unpaired electron (configuration d^  ) and would be paramagnetic 
(19). The complex under study is diamagnetic, Table-7. It 
57 
seems, therefore, that the Cu(II) used for isolation of tiie 
complex have been reduced to Cu(I) during the complex forma-
tion. The reduction of the Cu(II) to Cu(I) by organic thiols 
has also been reported previously (129,150). 
A possible mechanism for the reduction of the Cu(ll) 
Cm) 
to Cu(I) by DIPAET could be assumed^as follows. The Cu(II) 
ion is chelated initially by tv^ o ligands giving a transient 
complex (II) which undergoes an internal electron trensfer 
from one sulphur to the copper ion to reduce the reactive free 
radical (III), according to the following scheme:-
Cu + EDIPAET 
(R)gHC-N 
Cff(R)2 
N-CH(R)2 
CH(R)g 
[ 
where R = GHg 
(II) 
(in) 
The radical DIPAET could then dissociate from the 
copper and couple with another DIPAET radical giving the Cu 
(DIPAET) complex (IV) and disulphide (V). 
58 
(GH2)g ,Cu (GH2)g 
(R)gHC-il 
m^. 
(aig)g ^Cu (CHg) 
N^G~H(R)^R)B-C-li 
(Rygca (RygCH 
N-C-H(R), 
H6-(R)2 
^ 2Cu (CHg)g 
N—C-H 
C-H 
(R)2 
(IV) 
(CH2)2 
H-C-N 
(R)2 
N-H 
(R)E 
5 
(CH2)2 
N—-C-H (L 
C-H ^  
(R)2 
(V) 
The total reaction, mey be written as; 
M^ "^  + nRSH I (n-l)RS-SR + RSM + nH"*" 
where M = Metea and RSH = organic thlo compounds. 
The diffuse reflectance spectra which was practically 
identical to the ligand and elemental analysis further confirmed 
t ' ''•• 
that the complex has copper in univalent state. Also the 
univalent copper conmonly exhibits a coordination number of 
two (66) , The infrared soectral studies as given below sugqest 
that in the complex coordination takes place through both 
sulphur and nitrogen atoms of the ligand. Geometrically, the 
chelation is not possible for a Sp hyBridization, therefore, 
coordination positions of one metal atom will not be occupied by the 
the two coordinating groups of the same ligand. 
In view of the above facts and also the observed 
insoluble nature of the complex a polymeric structure could 
thus be assigned to the complex. 
Platinum (ll) and Palladium (ll) DTPAET - Complexes; 
The Pt (IT) and Pd (Ij) * complexes of sulphur containing ligands 
have been the subject of extensive current investigations 
mainly due to the formation of thiolobridgeed complexes (71, 77, 
108, 131, 132), Considerable interest have been attached to the 
magnetic properties of group (VIll) metals of second and third 
transition metal series as, very often, the Ilund's rule of 
maximum spin-multiplicity is not obeyed. The Pt (ll) and Pd II) , 
g 
l ike Ni ( l l ) , have a e lectron configuration d . Except in the 
case of Ni (Ij) and Cu ( I 3 l ) , where spin-free octahedral complexes 
g 
containing two unpaired electrons are cxpectec', the d complexes 
2 
are generally square planar involving dsp hybridizat ion and 
diamagnetic (24). The Pt ( l l ) , unlike Ni ( l l ) , never forms 
octahedral complexes. Hov/ever, in so lu t ion , there are indica-
t ions of octahec'ral complexatioI^ due t o addi t iona l v?eaker bonds. 
60 
occupied by solvent molecules, a t the vacant- octahedral s i t e s 
(15S). 
In th-e present P t ( I I ) and Pd(II) - DIPAET complexes, 
the analysis for metal and sialphur shows the metal to sialphur 
r a t i o as 1:2. I t seems, therefore , tha t the Ft(IV) ion used 
for the I so l a t i on of the complex had been reduced to Pt-(ll) 
during the complex formation due to reducing behaviour of mer-
captans (1S4). Furthermore the magnetic moment measurements, 
Table-7, show tha t both the complexes are diamagnetic. The 
diffuse ref lectance spectra of the Pt(II)-DIPAET complex. Fig. 
17, displays a shoulder a t £0.00 kK and a maximum a t S5.00 kK 
while the lowest energy band of Pd(lI)-Dl'PA'E'r complex. Fig. 17, 
occurs a t 22.20 kK. These bands could be a t t r i bu t ed to M-*L 
IT 
charge t ransfer t r a n s i t i o n s (64'-b,77,135). Thus a square-
planar stereochemistry could be proposed for P t ( I I ) and P d ( l l ) -
DIPAET complexes. 
Osmium (IV')-DIPAET complex; Osmium can assume diff-
erent coordination number depending on the oxidation s t a t e of 
the metal (156,137). Th.e Os(IV) has 5d^ e lect ron configurat ion. 
I t s complexes, genera l ly , expected to be octahedral or d i s t o r -
4 
ted octahedral with t^g configuration and should exhibi t a para-
4 
magnetism corresponding to two unpaired spins . The t^ configu-
ra t ion shows anomalous magnetic behaviour due to high sp in-orb i t 
coupling constant value of the metal . The sp in-orb i t coupling 
8 10 12 (4 (6 
cnnr. '^ ^^ 22 24 26 
FREQUENCY (kK) 
FIG.I7 DIFFUSE REFLECTANCE S P F P T D A n r 
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>4 
constant for Os(lV) i s A^2Q00 cm"" (S4), Such, a large* value 
r e f l e c t tiiat intermediate coupling effects are Important in 
octahedral complexes of t e t r ava len t osmixan. In fact a l a rge 
number of Os(IV) ccanpounds do exhibi t magnetic moment values 
between 1,20 to 1.70 B.M, at room temperature (158-140). This 
4 
magnetia behaviour for tg^ case a r i s e s out of the two-fold 
effects of sp in-orb i t coupling, ( i ) The Boltzmann d i s t r i b u t i o n 
of the systems, compared to KT, among the several sp in-orb i t 
constants i s such that most of the systems are in the lowest 
s t a t e which make no contr ibut ion to the average magnetic moment, 
( i i ) In the temperature range where KT/^ i s very small, ( Z t l ) , 
the lowest magnetic s t a t e perhaps i n t e r s e c t s with certain, high 
lying excited s t a t e s and thus does not remain en t i r e ly non-
magnetic. Kotani (55) examined theo re t i ca l ly the magnetic sus-
c e p t i b i l i t i e s ar is ing from the configuration t i to t | under 
the per turbat ion of sp in-orb i t coupling. According to Kotani, 
4 i 
tg configuration would show n^ff °C Tr only a t temperatures 
where KT/^'-^ 0,20. Relevant data explaining t h i s lowering of 
magnetic moment are also ava i lab le in the work of Gr i f f i th (141) 
and Sugano (142), 
In our c(Knplex it was observed that in the course of 
complex formation Os(VIII) which was the starting material got 
reduced to Os(IV) by the ligand in. alkaline medium. The obser-
ved magnetic moment for the Os(lV)-DIPAET canplex, 1.20 B.M., 
Table-7, is in fairly good agreement with several other reported 
62 
Or. ("^ V) conir.]< yes ( l3 r - l<o) . Vh. c :n ' ^ l r - t'rcrc-Forr r. nc 
t o '' rv'-' an oct<i'h! clr?l ntorc oc" O P I C ry \/l •'cl v/or fur ' ! r>r s^In•'•^or-
t c ' ' bv tW- rt^-^3' c tenco r.ne-ctrn, F-' ' , .17, \/'b:cb rl cA-rcd two ban-Is 
ar>^,,pr-~'nrj a t 19.20 kK ?n'l 21.00 kK. Accor'Tinc to Ba"lhau»eti 
(143) t-],c ground s t a t e fo r Oc (IV) xvoi^ lcl be ( X,) ^ n rou rc inq a 
o 
-n l e v e l , O'her cj 'citcrl lovc l r a r e "p^  and -y -p and "T" and y 
ari'l i n . AccorJinr; t o J)6:ne ^sen (144)^ c l ^ c ^ ron t r a n s i t i on 'y^ ^"p 
anr"! 'che band a t 21.00 kK ma'^ ^ be corn i d c r ' d t o be due t o M —* L„ 
cba r o e - t r a n s f o r tr-""rni t i on . 
Iififrarod Sr>cctrg; '2hc -infrared rr^ ctrum of the 
Tiaan-^, F i q . 18, r>nC t\ ' coirrplcyos, F-icf. 19 co 2^, wore recorded 
in '^-c roqion 4000-'^0f^ cir~ . The imrortr-nt bands 'and t b c i r 
t c " ' , a t i v c a'^rignn n; s a rc •"'iv..'" in '.'abdos-9 an'"' 10 . T, sbou''d 
be nr>ted tl al. t be n-II s t r o t c h - n q b.-nd (145,1^-0) a t 25o0 cm"-^  
i n the ]"'qan1 disap^^O'rei on corrr.lc"-' "^  o r . This sug ' t r s l s depro -
t o n a t i c n oT f re cui-pl;y IryT by Iroqen followed by Jv fo r ra ' . ion 
of n-S boa"!, 'i'be fornati 'on of I-'-C b'^nd i s -^ur t ' c r su-^ o r t t d by 
;:K lovcr inq in LLe ''recTucncics of :^hc ^(C-S) , ^(Z-C:\) an ! 
^.,= ., (d-CI" ) v i 'bra t icnn (112, I ' "? ) . Fur'..''err-ore t h e s t n . t c b i n q 
" wq,Y 2 
+ -1 
(i;"T ) of tbe ' : .crtiary an i re -hy^roc l l o r i d e (140) n t 270'^ cp 
I'n f.. -^r <•- liq~'nr'', d i sa^ncarn -^  n a ] 1 t l ' com^lores ?'">'•"i e a t i n q 
t ' f o r r a t : on o ' coordinatti<A bond b^^tvec n m: t a ] and t i e n"i:rogcn. 
Thus the coordInati-^^T of D'TrAn''' w^tL C o ( l J ) , " i d ' O , Cv. (j) , 
P t d " ) , P ' l ( l ' ) p:'.r OS (TV) i : I ^ ov ) bo ' d ' Jv r v l r ^ ' . v r a - ^ 
n-i '--'•qc-'- , W-'f t '^-1 ' K l ^ t t e (1^.9) K ve a s s :nn -" 1^ e bar Is i-^  
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the region 500-^0 can to M-N stretching vibrations in the 
chelated ethylenediamine complexes of Pd(II) and Pt(XI). The 
observed bands in the region 500-600 cm" in the present EBC3^) 
aeaa^S^E^ complexes are, therefore, assigned to M-N stretching 
vibrations. The band at 3450 cm"^ in the Co(II) and Ni(ll) 
indicate the presence of water molecules. The Co(II), however, 
shows a band at 960 cm assigned to coordinated water molecules. 
Thus the two water molecules in Ck)(II) complex occupy two co-
ordination positions making the complex six coordinated while 
two other molecules of water are lattice water as in case of 
Ni(II)-DIPAET complex. 
The presence of -OH bridging in the complex 
/"K4(Cog (OX) 4 (0H)2 JT^  has been shown by Nakamoto and co-
workers (150) at about 1075 cm*-'-. A medium band at 1040 cm"-^  
in case of Os(IV) complex may thus be assigned to the -OH 
bridging vibrations. The stretching -OH vibrations, however, 
appear as a strong broad band at S400 cm"""^ . This indicates 
that the two -OH. groups in Os(IV) complex occupy two coordi-
nated positions, thereby, making the complex of an octahedral 
stereochemistry. The infrared studied thus support the analysis 
and electronic spectral findings reported above, 
ponclusion 
Di-isopropylamlnoethapethiol-hydrochloride 
(CgH7)g;;N»CH2*CH2,*SE«Hcl,forms stable complexes with Co(lI),Ni(IIJ 
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Cu(I ) , P t ( I I ) , Pd(II) and Os(lV). The complex Z"Co(CsHisNS) g 
(HgO)g J 2HaO i s probably octahedral with magnetic moment of 
3,42 B.M, This reduction in magnetic moment value i s due to the 
presence of both low and high-spin s t a t e s in equi l ibr ium, with 
Ni(II) the complex /"Nig (CeHieNS)^ J 2HgO so formed with 
magnetic moment of 2.42 B.M., i s found to contain two nickel 
atoms attached through a sulphur bridge, one of them being sur r -
ounded octahedrally and the other one remaining in a planar 
environment. The copper forms a diamagnetic and polymeric com-
plex of the type /*"Cu (CQH^gNS)^n in which the Cu(II) i s reduced 
to Cu(I), The P t ( I I ) and Pd(II) form the complexes of the type 
MLg (M = metal, L = ligand) and the i r magnetic and spec t ra l 
s tudies reveal tha t these complexes are square-planar and dia-
magnetic. The Os(lV) y ie lds a complex /""Os (CQ H I S NS)g (0H)g_7, 
with magnetic moment 1.20 B.M., i s paramagnetic having octahedral 
stereochemistry. This anomalous magnetic behaviour of Os(lV) 
complex may possibly be a t t r ibu ted to a l a rge sp in-orb i t coupl-
ing in th i s case. The infrared spectral s tudies ind ica te that 
corodination takes place through both ni trogen and sulphur in 
a l l these complexes. 
CHAPTER - V 
ANALYTICi\L ESTIMATIONS 
AND 
METAL SULPHUR LINK 
•> - 1 6? 
MALYTICAL ESTIMATIONS 
Metal Bstimatlon of the Complex; 
Cobalt, nickel, copper and cadmium in MBTPA, MBTAA 
and DIPAET complexes were estimated by the following procedure, 
A known amount of the complex was dissolved in concentrated 
sulphuric acid and evaporated to dryness. The black decompo-
sed complex was then treated with an oxidising mixture (HNOg 
and HGIO4 in the ratio 1;5) and heated to complete dryness. 
The process was repeated many times to ensure complete decom-
position of the organic matter in the complex. The residue 
so obtained was dissolved in water and made up to a knovm 
volume. The matals in these standard solutions were then esti-
mated by the use of standard ethylenecdiaminetetraaceticCacid 
(EDTA) titration method (151) as the case m ^ be PAN, Cu-PAN 
or Eriochrome black-T were used as an indicator. 
The solutions for the gravimetric estimation of 
palladium and platinum in the DIPAET complexes were made by 
treating a known amount of complex with concentrated nitric 
acid and heating it to a syrupy consistency. The process was 
repeated several times and the syrupy mass so obtained was then 
dissolved in water. The excess of nitric acid was removed by 
the additioa of concentrated hydrochloric acid and evaporating 
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agata to a syrupy mass. This was then dissolved in water 
and made to a known Volume, 
For the estimation of palladium known volume of the 
above prepared solution was taken, acidified with dilute hydro-
chloric acid^to it a one per cent dimethyr^glyoxlme solution 
in alcohol was added with constant stirring. The orange-
yellow precipitate thus obtained was allowed to stand for one 
hour and then filtered through a weighed sintered crucible. It 
was vmshed both by cold and hot water and then dried at 110-
120°C to a constant weight, palladium was tiien estimated as 
palladium dimethylglyoxlme /.""pd (C4 H7 Og Ng) g J (152) and 
the percentage of palladium evaluate In the complex. 
For the estimation of platinum a known volume of the 
above prepared standard solution of the metal was treated with 
half- saturated, solution of ammonium chloride and allowed to 
stand for few hours. The lemon-yellow precipitate thus obtained 
was filtered through a weighed sintered crucible, washed with 
cold water and finally with alcohol and then dried at a tem-
perature below 100 C, The dried precipitate was then cooled 
in vacuum desiccator and weighed as ammonivsn chloroplatinate 
/~Pt (NH4)2 ^^^ ^ ^6)-7 (155). The percentage of the metal in 
the complex was then calculated. 
By 
SiHuhur Estimation of the Complex; 
The siiLphur In the complexes of MBTPA, MBTAA and 
DIPAET has been estimated in the solutions as follows:-
For estimation of the sulphur in the complexes a 
platinum crucible was taken and heated to a constant weight. 
The bottom surface of the cooled crucible was then covered 
with a small amount, of fusing mixture (KWOg; Nag Cog ;: 1 : S) 
and the weight of the crucible was taken. Over this fusing 
mixture approximately 0.1 gram of the complex was added care-
fully and weight of the crucible was taken again, A good sjnount 
of fusing mixture was again added so that the complex present 
in the crucible get covered completely. The weight was taken 
again. The crucible containing the complex and the fusion 
mixture was then heated carefully on a low flame keeping in 
mind that no spurting takes place. After complete fusion the 
crucible was cooled off and placed in a beaker. The white fused 
mixture in the beaker was then dissolved in dilute hydrochloric 
acid, heated on a water-bath for few hours and filtered off. 
To the filtrate, hot solution of barium chloride was added with 
constant stirring. The white precipitate so obtained was 
digested on a water-bath, cooled, filtered through the constant 
weighed sintered crucible, washed with cold water and finally 
o 
with hot water, dried at 110-1£0 C to a constant weight and 
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weighed as BaSo4 (barium sulphate) (154), From these results 
the percentage of the sulphur in the complex was then esti-
mated. 
7i 
m& METAL-SULPHUR LINK 
The avai lable data i s not suf f ic ient enough to 
p red ic t any uniform pa t te rn for the coordinating a b i l i t y of 
heavy donor atoms of group VI in general and sulphur in 
p a r t i c u l a r . The donor p roper t i es of sulphur in general are 
r e s t r i c t e d as regards to the nature of tine acceptor atom 
(155), According to Sidg.wick, the metals that can eas i ly 
coordinate as acceptors with sulphur are -
Cr Mi Cu Ge As 
-Ru Pd Ag Sn Sb 
-Os Pt All Pb Bi 
The c lass i f i ca t ion , of centra l ions , v^ich i s conn-
ected with e l e c t r o n e g a t i v i t i e s , has been proposed by Chatt, 
Davis and Ahrland (155) as (I) those which form t h e i r most s t a -
ble complexes with the f i r s t l igand atom of each group (v iz . N, 
0,F) and ( I I ) those which form the most s table complexes with 
the second or subsequent l igand atoms (v iz , P,S,C1, e t c ) . The 
type (I) centra l ions l i k e a lka l ine earth metals , r a r e - ea r th 
and Th (IV) show clear cut e lec t rova len t bonding (156), In 
c lass ( I I ) type central ions , three separate categories ex i s t 
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(a) metals with unusually low oxidation numbers, square 
planar low-spin d. systems as P d ( I I ) , P t ( l l ) , Au(lII) sind 
Cu(I) , Ag(I) and Hg(II) of d"^*^  configuration. This fsmily 
exhib i t s the highest complex formation constents of heavy 
hal ides and of sulphur containing l igands . According to 
ya ts in i i rk i i (157) t h i s explanation based on TT - back bonding 
from the f i l l ed d- shel l to the empty o r b i t a l s of the l igand. 
I t i s , therefore , clear tha t such an effect, would be favoured 
by low oxidation number, (b) The metals with high oxidation 
numbers. I t i s due to the fact tha t a l l hal ide complexes 
tend to become much stronger in a se r i es such as £ ( I ) , Ca(I I ) , 
Sc.( l II) , Ti(lV) and V(V) but i t i s doubtful ?/hether t h i s se r i e s 
descriminates against f luoride as demanded by eavo*Kdfeag type 
(I) tendencies. The S^ family e .g . Sn( I I ) , S b ( l l ) , Te(IV), 
T1(I) , Pb(II) and B i ( I I I ) ; where the corresponding gaseous 
ions contain two 5S- or 6S- e lec t rons , shows type ( I I ) charac-
t e r towards hal ides and sulphur containing l igands but not 
towards amines and cyanides. The reason seems to be t ha t the 
f i l l e d S - o r b i t a l s would become strongly <r- antibonding with 
respect to I s t e r type of l igands . (c) J^rgensen (156) bel ieves 
that some metals may have type ( I I ) character in both low and 
high oxidation s t a t e s and yet type (I) character i s an i n t e r -
mediate oxidation s t a t e . 
Formally sulphur resembles oxygen having two unshared 
pai r of e lectrons in the bi -covalent s t a t e , but the donor 
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properties of sulphur are remarkably different from that 
of oxygen. Sulphur is frequently less effective than oxygen 
as a donor to first row meteil ions. The main factors v.iiich 
influence the nature of metal-sulphui' link are given below. 
Electronegativity 
The electronegativities of donor atoms follow the 
series F^ O^ N:i>Cl:i-Br::i. Scr^C^He::^?^ As^Sh, However, 
the effective electronegativity may be influenced by the other 
atoms or groups attached to the donor atom. From a considera-
tion of an electrostatic model, it can be said that for a uni-
dente.te ligand, the coordinating ability will depend not only 
on the electronegativity but on the total dipole moment of the 
ligand which in turn depends on both the permanent and the 
induced dipole moments. For example the permanent dipole 
moment of NHg is less than that of H£0, the total dipole moment 
of NHg may be greater in the presence of cations with high 
polarizing power (67). The large size and the smaller perma-
nent dipole moment of HgS ( /^ps "^  -^'-^ ^' ^"^ '^gO ~ ^'^ ^) 
reduce its coordinating ability below that of water for ions 
of low field strength (67). However, HgS is more polarizable 
than HgO and with ions of high-field strength e.g. Hg(II), 
Ag(I), HgS coordinates strongly and protons are forced off to 
give insoluble sulphides. Again, for oxygen ligands both the 
permanent dipole moment and the coordinating ability decrease 
as HgO Ji ROH -^  RgO whereas in case of sulphur ligands these 
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increase in order H„S ^  RSH, ^  R S. According to Livingstone 
(67), neglecting any contribution for u - bonding, the strength 
of bonds on consideration of electrostatic and covalent models 
should follow the order (a) RO-^ RS and (b) RgOj:^ RgS :^  RgSe ^ 
RgTe, 
Polarizability 
Sulphur having greater polarizability in comparison 
to oxygen atom, has an important bearing on their relation to 
donor capacity. Moreover, the polarizability decreases by 
alkyl substitution, the decrease is much less (5 per cent) in 
going from HgS to RgS than the decrease (24 per cent) in going 
from HgO to RgO (158). Among the sulphur ligands themselves 
the decrease in polarizability follows the order S ^ RS -^  RgS. 
Nyholm et.al. (159) observed that the donors containing ~SH 
group coordinate more strongly with transition metals than the 
sulphides and concluded that in passing R"S to RgS the proton 
affinity of sulphur decreases enoYmously which is a rough mea-
sure of the tendency to form strong q- bonding.-which in turn 
also affected by the factors like size, availability of necess-
ary d- orbitals of bi-covalent sulphur failing to overlap suffi-
ciently over the filled d- orbiteds of the metals. 
Bond strength and numbers of lone pairs 
In the formation of a complex between a metal ion and 
a negatively charged ligand the bond strength depends on the 
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effect ive nuclear charge and the ion ic rad ius . Hence RO" 
would be expected to coordinate more strongly than RS and. -
therefore , bond s t rength of Ro" should be grea te r than that 
of R'S. The same also holds good for an uncharged l igand 
except in special cases (159,160). 
Sulphur having vacant d- o r b i t a l s , can enter in to 
d-jv - d-n bonding whereas oxygen and ni trogen have no o r b i t a l s 
avai lable to accept e lect rons from sui tably f i l l e d d- o rb i -
t e l s on the metal atom. The amount to which -n - bonding 
occurs i s d i f f i c u l t to assess but on the basis of avai lable 
evidence (67) i t can be suggested tha t i t does occur favour-
ably with l igands containing sulphur as donor atoms. Therefore, 
If-rr - bonding occurs, i t can cause a reversal of the order. 
The condition for TT - bonding are most favourable with 
the l a t e r member of the second and th i rd t r a n s i t i o n se r i e s e .g . 
P d ( l l ) , P t ( I I ) , Hg(II) and with the ear ly t r a n s i t i o n metals 
i n the low oxidation s t a t e s as Mo(0), W(0) and Re( l ) , The 
2-
number of lone pa i r s decreases in going from S to RgS which 
i s also the order of decrease of p o l a r i z a b i l i t y and hence i n 
any considerat ion of the bonding proper t i es of siiLphur l igands , 
the d i s t r i b u t i o n between sxolphide ions,mercaptide ion and 
th io ether should born in mind. Thus in t h i o l s , where sulphur 
i s bi-covalent and V-shaped as compared to it-s t r i cova len t and 
t r igonal shape in thio e the rs , the grea te r p o l a r i z a b i l i t y of 
t h i o l s i s always competing against the d-rr - e lec t ron capacity 
of th io -e thers ( I 6 l ) . 
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Orbl ta ls used for bond formation 
The low effect ive nuclear charge on sulphur, 
according to Nyholm e t . a l . (159) and Magnusson (162), binds 
d- o r b i t s l s in to hybridizat ion v/ith -S and -p o rb i t s i s en-
abling sulphur to form more than four bonds to other atoms 
and unlike oxygen increase i t s maximum coordination number 
to s ix . This r e s u l t s l a the enhanced s t rength of both a- and-tv 
type of bonds. Lov/ promotion energies make d- pa r t i c ipa t ion 
feas ible due to v/hich r e s u l t s in p-n and d-n o r b i t e l s overlap 
indicat ing the configuration containing these bonds, which 
i s not possible in case of oxygen. A number of evidenceshave 
been ci ted op sulphur making frequent use of d-tv o r b i t s l s to 
form mult iple bonds. Among the sulphur donors themselves i t 
has been observed tha t bi-covalent sulphur i s more effect ive 
in producing electron pairing in four-covalent Ni ( l l ) complexes 
than in t r i - cova len t sulphur. Compounds l i k e xanthic acid 
(16S) and thiooxal ic acid (16S) cause electron pair ing whereas 
chelate group EtS(CH2)^Et and l-methyl-3, 4-dimethyl thiobenzene 
f e l l to do t h i s (159), Two p - bonds are formed by sulphur 
in f i r s t case and In the l a t t e r sp- bonds. Regarding the o r b i -
t a l s of metal used for bond formation with b i s (acetylacetonate) 
Ni(II) forms tetrel iedral while Cu(ll) forms a square-^planar 
complex. 
Pearson (164) has classified metel ions and llgands 
into "hard" and "soft" lewis acids and bases and has sugges-
ted a general rule that hard acids bind strongly to hard 
bases and soft acids to soft bases. Hard acids are those 
which are basic in usual sense binding strongly to the proton 
while soft acids bind strongly to highly polarizable or un-
saturated bases which often have negligible proton basically, 
e.g. RgS. Yet it is possible for a base to be soft and 
strongly binding to the proto-m. Such a case is the highly 
polarizable S""*^  ion. The concept of soft and hard acids ' 
roughly corresponds to (I) and (II) type metals of Chatt 
et. el. (155). Stability constant of complexes formed in 
aqueous solutions between various metal ions and sulphur donor 
ligands do not follov^ ; base strength of the acids, as has been 
pointed out by Irving and Fernelius (165), in case of those 
metals where v - bonding might be expected to be of importance. 
According to Longuet-Higgins (166) the successful complexa-tio-n 
between sulphur containing hetrocyclia compounds end the 
transition metal ions is due to large TT - contribution from 
the strongly bonding -vr - orbital s. The said compounds have 
not yet been thoroughly investigated. A comperison of the 
relative stabilities of the complexes formed between flNH^ , 
RgO, HgS, RgSe (R = methyl group) as ligand and transition 
metal ions as acceptors has been made by Coates ana lA'hitecombe 
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(167). This comparison has revealed grea te r s t a b i l i t y of 
metal-sulphur bond in comparison to metal-oxygeji and metal-
nitrogen bonds tothe same metal which i s due to the -n -
character of the metal-sulphur bond, 
Spectrochemical se r ies of l igands 
The spectrochemical se r i es of l igonds i s arranged 
according to spectroscopic s p l i t t i n g parameter ^ (10 Dq), 
as given by the frequency of the lowest l igand f ie ld absorption 
bsnd in t r ans i t i on metal complexes. As a good approximation 
ihe following re la t ionship for A holds 
^ = 10^ f .g . cm-^ 
where f i s a function of l igand and g of the metrl atom. The 
posi t ion of sulphur l igands i s not c lear as r e l a t i ve ly few 
complexes of sulphur l igands have been studied spectrophoto-
met r ica l ly . However, although some sulphur l igands are near 
2-
chloride, sulphur appears to have a vdLde range, as Sog when 
bond through sulphur has a l a t e posi t ion in the se r ies near 
NOj . RgS probably occurs between HgO and NCS"" (127). The 
posi t ion of RS in the se r ies i s estimated from the spectra of 
mercaptoethylamine complexes of Co(lII) (168). 
The present s tudies reveal the pos i t ion of DIPAET 
some where between py and NHg and the pos i t ions of MBTAA and 
MBTPA are some where between HgO and NO'S near about HgO. The 
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corresponding spectrochemical series of transition metal 
ions in respect of these ligands also follovv the general rule. 
The spectrochemical series of the ligands (169) is -
I~"^ Br"V. CITN^ ^CN""^ dtp"^ F^r^ Urear^ OH"r^ 
Nog""rNy HCOO"^ Cg04 xil HgO^ MBTAA ^  MBTPA Z. 
WCS ^  gly ^ py ^DlPhETr^ M ^ ^  Sog ^^  Nog z. 
Corresponding series of central metal ions (169) 
is Mn(II)^ Ni(ll) ^ Co(II) ^  Fe(II) ^  V(il) ^  Fe(III) ^ 
Cr(lII) rN/ V(III) ^  Co(lII) ^  Mn(lV) ^  Mo(lII) -^ Rh(lII)^^ 
Ru(lII) ^  Os(IV) ^  Pd(lV) ^  Ir(lII) ^  Re(IV) ^  Pt(IV). 
Showing a strict arrangement according to increasing 
number of transition group 3d^^4d^^ 5(f* (with relative value 
of the function 1:1.45:1.75) and corresponding to increasing 
oxidation numbers +2 ^t:. 43 ^  +4 (with relative values of func-
tions 1:1.6:1.9). The strong increase of /I from divalent to 
trivalent Ions in the first transition group will ha,rdly be 
explained by any reasonable electrostatic model. The spectro-
chemical series of tetragonal complexes has the same order of 
ligands whereas in case of tetrahedral symmetry the wave func-
tion can not be classified according to parity. 
Formation of metal sulphur link 
Due to the inadequacy of experimental data and also 
80 
theore t ica l calci i lat ions on overlap i n t e g r a l s , i t i s d i f f i -
cul t to formalise the metal sulphur l i n k . However, the f o l l -
owing factors great ly contr ibute to the formation of such a 
bond. 
1, The diffused o r b i t a l s of sulphur donors may 
undergo contract ion (as against contract ion theory of Craig, 
Cruickatank bel ieves that 3d-orb i ta l s in the free sulphur 
atom are already of su i tab le size for bonding) by the pos i t ive 
ions of metals of higher valency s t a t e s . This might lead to 
s t a b i l i z a t i o n of high velency s t a t e s in t r a n s i t i o n metal com-
plexes involving sulphur donors, p a r t i c u l a r l y for those metals 
in which the effect ive nuclear charge i s high. 
2. Sulphur donors would be capable of causing s t a -
b i l i z a t i o n of low valency s t a t e s by formation of <r - bonds and 
by reducing the charge on metsl by back donation and formation 
o f TT - b o n d , 
S, The idea of reducing character of sulphur l igands 
corresponds reasonably well with the i r pos i t ion in the nephe-
lauxe t ic ef fec t , 
4, The posi t ion of sulphur l igands containing th io l 
groups involving donation from a b i -covalent sulphur seems to 
l i e af ter H2S where the sulphur i s t r i c o v a l e n t . s t a b i l i t y of 
t r a n s i t i o n metal complexes with sulphur l igands i s not alwajis 
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predicted on t h i s bas i s . Why t r i cova len t sulphur in many-
cases should C£«iiparatively be a poor donor i s r ea l ly a 
vexed question, 
5 . S ter ic factors and the chelate effects-would also 
effect the s t a b i l i t y of the metal-sulphur l i n k . However, 
r e l a t ive ly la rge s ize of sulphur does not warrant tha t the 
proper t ies would be great ly a l t e red by subs t i tuen t s R in l i g a -
nds l i k e R2S. Also the comparatively grea te r tendency of 
catenation should be born in mind while ca lcula t ing the 
s t e r i c e f fec t s . 
-:o: 
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Abstract—Methylenebisthiopropionic acid, CR^iS CH2 CH2 COOHJj, form stable complexes, with coba!t(II), 
nickel(II) and copper(II), of the type ML XH2O (M = Metal, L = Ligand, X = 2 for cobalt(II) and nickeKII) and 
X = 0 for copper(II)) Their structures have been characterised on the basis of elemental analysis, magnetic moment, 
electronic and 1 r spectral studies Cobalt(II) and nickel(II) form high-spin octahedral complexes and the copper(II) 
forms a distorted octahedral complex IR spectra shows that coordination takes place through both sulphur and 
carboxylate groups of the ligand Relevant ligand field parameters have been reported for these complexes The 
nephelauxetic effect seems to be more effective for cobalt(II) than nickel(II) 
INTRODUCTION 
THE complexes of the thiocarboxyhc acids are interesting 
because they have both sulphur and oxygen as a potential 
donors Sulphur is frequently less effective than oxygen 
as a donor to first row metal ions Metal complexes of 
monothiocarboxylic acids [1-5] and dithiocarboxyhc 
acids [6-8] have been studied extensively and interest has 
grown in the complexes of thiopolycarboxylic acids which 
contain two or more thio and carboxylic groups as poten-
tial donors Podlahova et al [9, 10] have reported, re-
cently, such complexes 
The present communication reports the preparation and 
characterisation of methylenebisthiopropionic acid 
(MBTPA), CH2(S CHj CHz C00H)2, complexes with 
cobalt(II), mckel(II) and copper(II) MBTPA contains two 
thio and carboxylic groups as potential donors It may, 
therefore, combine in various polydentate modes 
EXPERIMENTAL 
Chemicals Methylenebisthiopropionic acid (Evans Chemetics 
New York), of 98 8% purity, was used without further purifica-
tion 
Preparation of the complexes 
Coba/t(n)-MBTPA complex A solution of cobalt chloride 
hexahydrate (75 ml, 0 2 M) was added to an equimolar solution of 
MBTPA (150 ml) in 1 1 water-alcohol mixture A few drops of 
concentrated solution of NaOH were added and the resulting 
mixture was refluxed for 8hr, giving a violet solution When 
cooled excess acetone precipitated a violet solid It was separated, 
washed with acetone, wafer, alcohol and ether and dried over 
calcium chloride in a vacuum desiccator It decomposed at 200°C 
It was slightly soluble in common organic solvents but insoluble in 
water {Anal Co(C7H,oS204) 2H2O requires Co, 18 57, C, 26 50, 
H, 4 42, S, 20 21 Found Co, 18 30, C, 26 40, H, 4 33, S, 20 31%) 
Afic/ce/(II)-MBTPA complex A green solid complex was pre-
pared by the same procedure as cobalt(n) complex described 
above, using nickel chloride hexahydrate The complex decom 
posed at 250°C Its solubility was similar to that of the cobalt(II) 
complex {Anal Ni(C7H,oS204) 2H2O requires Ni, 18 51, C, 
26 52, H, 4 44, S, 20 22 Found Ni, 18 39, C, 26 45, H, 4 26, S, 
20 15%) 
Copper(II)-MBTPA complex Copper nitrate trihydrate solu-
tion (75 ml, 0 2M) was added to MBTPA (150 ml) m I 1 
water-alcohol mixture On adding a few drops of concentrated 
NaOH, a greenish blue precipitate was obtained The precipitate 
was filtered, washed with water, alcohol and ether and dried in 
vacuum desiccator over calcium chloride It decomposed at 175°C 
and showed similar solubility to the cobalt(II) and nickel(II) 
complexes (Artfl/ Cu(C7H,oS204) requires Cu,22 23,C,29 41,H, 
3 52, S, 22 42 Found Cu, 22 18, C, 29 19, H, 3 62, S, 22 10%) 
Physical measurements 
The molar conductance of the complexes were determined at 
10"'M (approx) concentralion m dimethyl sulphoxide using a 
Philips conductivity bridge model PR-9500 The magnetic meas-
urements were made on a Gouy balance and the diamagnetic 
corrections were calculated by the use of Pascal's constants [11] 
The electronic diffuse reflectance spectra were measured on a 
Zeiss PMQ II spectrophotometer from the sample diluted with 
magnesium carbonate and spread on filter paper The 1 r spectra 
were obtained with Nujol or halocarbon mulls on a Perkin-Elmer 
337 spectrophotometer 
RESULTS AND DISCUSSION 
The decomposition temperatures which range between 
175 and 250°C show that the complexes are thermally 
quite stable The molar conductances in dimethyl sul-
phoxide (Table 1), are between 2 2 and 2-9 ohm"' cm' 
mole"', which clearly indicate the non-electrolytic nature 
of these complexes 
Table 1 
Complex 
Co(C7H,„S204) 2H2O 
Ni(C,H,oS20.) 2H2O 
CU(C7H,„S204) 
Magnetic moment and molar conductance measurements 
Temp 
CK) 
298 
298 
298 
(c g s) (c g s) (B M) 
11130 88 1127162 5 11 
4755 22 4895 96 3 40 
1194 73 1309 47 177 
Molar conductance 
(ohm"' cm'^mole"') 
25 
29 
22 
•Calculated from ii,„ = 2 84 {XMT)" 
2439 
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Cobalt {II) complex 
The effective magnetic moments reported for high-spin 
octahedral coba]t(II) complexes range from 4-80 to 
5-60B.M.[12]. The observed magnetic moment of 5-11 
B.M. (Table 1), is usual and suggests that the complex is 
octahedral. 
For octahedral cobalt(II) complexes, three spin-allowed 
band are expected corresponding to the transition 
'T,,(F)-*''T^, (vO, 'T,,(F)-^'A2, M and 'T^iF)-* 
'T,,iP) (vi). However the Mzg and TigCF) states are 
derived from tlge^ and tlgBg^ configurations respectively, 
hence the ^T,s{F)-^''A2g transition is a two electron 
process and will be much weaker than the other transi-
tions. Therefore the transition M remains unobserved 
because of the weakness and proximity to a strong (1/3) 
transition. In the present case electronic spectra of 
cobalt(II) complex (Table 2), consists of two main bands. 
Although the complex formally have D4/, symmetry, 
therefore, the spectra can be interpreted in terms of metal 
ion surrounded by a weak ligand field of octahedral 
microsymmetry. The lowest energy band observed at 
7-80 kK can, therefore, be assigned as {vi) and the strong 
band at 19-20 kK as (vj) transition with a shoulder at 
16-20 kK. The ligand field parameters (Table 2), have been 
calculated to resolve the problem of assignment of the 
shoulder by the use of semiemperical equations [13]. 
The position of (VT) transition have been calculated 
using the relation f 2 = i-i -I-10 Dq. The calculated value of 
(vi), 16-30 kK, agrees well with the value, 16-20 kK, for 
the observed shoulder. Lever [14] has suggested that the 
shoulder on the principal band in an octahedral cobalt(II) 
complex, in order to assign to (1^ 2) transition, must have an 
energy approximately twice but not greater than 2-2, times 
that of (i/j) transition. This is strictly true for a regular 
octahedral molecule and well substantiated by our calcu-
lated value of 2-07 for V2lvv This again may well be 
compared with other complexes of octahedral 
symmetry [13]. Therefore, the shoulder at 16-20 kK can be 
assigned to ''Tig(F)-^'A2e transition. 
Taking the above value for (vi), (1^ 2) and (vs) the 
L.F.S.E (ligand-field stabilization energy) comes out to be 
19-38 kcal/mole. A value of /3, 0-855, indicates a low 
degree of covalency. The spectrum also allows a calcula-
tion of the, E C P ) - E C F ) , term separation 12466 cm"'. 
This corresponds to about 86% of the free ion value. 
Nickel (U) complex 
Nickel(II) ion has an effective electronic configuration 
3d* and exhibits a magnetic moment higher than expected 
for two unpaired electrons in octahedral and tetrahedral 
complexes, whereas its square planar complexes are 
diamagnetic. The effective magnetic moments, reported, 
for high-spin, (i) octahedral 3-20-3-40 B.M. [15] and (ii) 
tetrahedral 3-60-4-00 B.M. [12], nickel(II) complexes. The 
magnetic moment 3-40 B.M. observed in the present case 
(Table 1), concides with the upper limit of the range 
generally accepted for high-spin octahedral complexes. 
For such a complex three bands are expected in the 
electronic spectrum attributed to the transition ^A2g ~*^T2g 
(>'•), 'A2g-^'T,g{F) M and M 2 , - ^ ' r „ ( P ) (v,). The 
spectrum of our complex (Table 2), shows three spin-
allowed transitions at 8-30 kK (I'l), 14-00 kK M and 
25-00 kK (1/3). These bands are very similar to those of 
[Ni(H20)6]*'[16], which show transitions at 8-50 kK (v,), 
13-50 kK (1/2) and 25-30 kK (j/3). In this spectrum the 
second absorption band, corresponding to the transition 
'A2g -*'Ttg{F), is a double peaked which is not observed 
in the present complex. It is very likely that the symmetry 
of the complex is D41,, but electronic spectra in the range 
of 8-00-30-00 kK is typically of octahedral coordinated 
nickel(II). Therefore it can be interpreted in terms of 
metal ion surrounded by a weak ligand field of microsym-
metry. 
The ligand field splitting energy, 10 Dq, is taken equal to 
the energy of first transition (v^) and the Racah parameter, 
fl, was calculated from (vi), (j'2) and (^3) band energies 
using the diagonal sum rule[17], 15B = v2+vi-3vi. The 
octahedral structure of the complex is again confirmed by 
comparing the separation of (vi) and (v?) band, (X„bJ, 
11-OOkK, with those calculated value of l l -28kK, on the 
basis of octahedral symmetry (Xai). The value of (X^,, -
Xbs), +0-28, is within the usual limit[18] for undistorted 
octahedral nickel(II) complexes. Further for tetragonal 
nickel(II) complexes, values of vdvt are found signifi-
cantly greater than the usual range for octahedral com-
plexes and sometimes greater than the theoretical limit of 
1-80 for octahedral symmetry. The interaction [18] be-
tween high-spin ^T^giP) and ^Tig{F) states gradually 
lower the ratio vjv, from the theoretical value of 1-80 to 
ca. 1-50-1-70 and values of about 1-60-1-70 are common 
for nickel(II) complexes of octahedral symmetry. In the 
present case the V2lv\ ratio of 1-68 characterizes as 
octahedral complex. 
The L.F.S.E (ligand field stabilization energy), comes 
out to be 28-39 kcal/mole and, (F-P), term separation of 
14100 cm"' corresponds, to about 89% of the free ion 
value. A value of ;8, 0-903 indicates a low degree of 
covalency. The reduction of B after multiplying 
Table 2. Diffuse reflectance spectra and ligand field parameters for cobalt(II) and nickel(II) complexes 
Complex 
Bands assignments 
(kK) 
Racah's 
parameter 
Dq B 
(cm"') (cm"') 
term L.F.S.E 
separation (kcal/ 
(cm"') mole) 
972 
BN,2* 1041 
(cm"') 
7-80 ''T„(F)-»''T.,(^,) 850 831 
Co(C,H,oS204).2H20 16-20sh -^"A^.M 
19-20 -^'T,g{P)M 
8-30 'Aj^-^Tjsli',) 830 940 
Ni(C7H,„S204).2H20 14-00 -^^T\,{F)M 
25-00 ^'T,g{P){v,) 
Cu(C,H,„Sj04) 15-00 ' F j ^ ' T j , 1500 -
2-07 0-855 12466 
0-903 14100 
19-38 
28-39 
25-65 
843 
*0 = BIBo where Bo = Racah parameter for the gaseous ion; Co'''' = 972cm"'; Ni'"" = 1041 cm"'. 
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gaseous [19], the so-called nephelauxetic effect, 
seems to be more effective for cobalt(Il) than for nic-
kel(II) 
Copper(ll) complex 
The great majority of Cu(II) complexes show normal 
magnetic moments of 1 75-2 20 B M [20] near the spin 
only value of 1 73 B M and indicatmg the absence of any 
appreciable spin coupling between unpaired electrons 
belonging to different copper atoms Figgis [21] predicted 
a magnetic moment > 1 90 B M for tetrahedral and 
<1 90B M for square planar and octahedral copper(II) 
species Thus the magnetic susceptibility is not of much 
use in deciding on the stereochemistry of copper com-
plexes Some copper(II) carboxylates [22,23] and the so-
called tricoordinated copper(II) complexes [24] show sub-
normal moments Copper(n) acetate with three atom 
carboxylate bridges has a magnetic moment of 1 43 B M 
This phenomena is caused by the spin-spin interaction 
between copper(II) ion But the subnormal magnetic 
moment is not found in all carboxyl group bridged poly-
mers Copper(II) benzoate trihydrate, for example, shows 
a magnetic moment of 1 87 B M m spite of its linear 
polymeric structure [25] The magnetic moment of 1 77 
B M (Table 1), of the copper complex excludes strong 
spin-spm pairing but does not exclude a polymeric 
structure 
Electronic spectra of an octahedrally coordinated cop-
per(II) complexes should exhibit normally one absorption 
band due to the 'Eg -^^Tig transition State ^Eg is highly 
susceptible to John-Teller distortion and no copper(II) 
complex should have a regular octahedral symmetry The 
distortion causes broadening or even splitting of the 
absorption band The absorbed spectrum (Table 2), shows 
one broad band at 15 OOkK This seems to exclude a 
square planar form The square planar copper(II) com-
plexes, for example bis(acetylacetonate) copper(II), show 
two bands of nearly equal intensity at about 15 00 kK and 
18 OOkK They are identified as the 'B„ 
^Big->^£, transitions respectively [26-28] 
-^ Aig and 
IR spectia 
The I r spectra of the ligand and the complexes were 
recorded in the region 4000-400 cm~' The important 
bands and their tentative assignments (Table 3), were 
obtained with reference to the spectra of the other 
carboxylate complexes as well as those of thio and amino 
acid complexes [29-32] The C-S stretching band of the 
ligand shifted to a lower frequency in these complexes 
indicating coordination through the sulphur The symmet-
ric COO-stretching band in the ligand also shifted to the 
lower frequency in the complexes The antisymmetric 
COO-stretching band of these complexes shifted to lower 
frequency in the region 1560-1590 cm"' These values 
correspond to those of glycinate and other amino acid 
complexes The bridging carboxylic groups of metal car-
boxylate complexes also show an absorption in this 
region It is, therefore, concluded that coordination takes 
place through both sulphur and carboxylate groups The 
thioether type sulphur does not coordinate to transition 
metal ions and in the case of some methiomine complexes 
the sulphur does not coordinate to the metal ions [33] 
Table 3 IR frequencies (cm ') of MBTPA and complexes 
Chemical formula 
C7H12S2O4 
Co(C7H,„S204) 2H2O 
Ni(C,H,oS204) 2H2O 
Cu(C7H,„S20.) 
s, strong, m, medium 
KC-S) 
740(s) 
730(m) 
730(m) 
700(s) 
Tentative assignments 
"(COOk^^ 
1430(s) 
1410(s) 
1410(s) 
1420(s) 
c(COO)„,„ 
1700(s) 
1580(s) 
1560(s) 
1590(s) 
A;'(COO) 
270 
170 
150 
170 
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